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INTRODUCTION 


This directory of research projects provides information 
about currently funded scientific research within the Planetary 
Geology and Geophysicss ( PGG) Program. The directory consists 
of the proposal summary sheet from each proposal funded under 
the PGG Program during fiscal year 1990, covering the period 
from October 1, 1989 through September 30, 1990. The summary 

sheets provide information about the research projec 
including: title, principal investigator, institution, summary 

of research objectives, past accomplishments, and proposed new 
investigations. This directory is intended to inform 

scientists in the PGG Program about other research Projects 
supported by the program and can also be utilized by others a 
a PGG Program information source. 

The research projects funded under the PGG Program include 
investigation over a broad range of topics including geological 
and geophysics studies of: terrestrial planets and satellites; 

outer planet satellites and rings; comets and asteroids, 
planetary interiors; lithosphere-atmosphere relationships; 
impact cratering processes and chronologies; planetary surface 
modification by fluvial, aeolian, periglacial, masswasting, an 
volcanic processes; planetary structure and tectonics; 
multispectral and radar remote sensing; and solar system 
dynamics. Also, cartographic and geologic maps of the solid 
surfaces of planets and satellites are produced and 
distributed. 


Statistical information about the PGG Program is presented 
the next two pages. The following four pages are an 
alphabetical listing of all program principal investigators. 
The remainder of the directory consists of the project 
summaries arranged alphabetically by the Pi's last name. 

For additional information about the Planetary Geology and 
Geophysics Program, contact one of the persons below: 


Ted A. Maxwell 

Discipline Scientist, Planetary 
Geology and Geophysics Program 
Code EL 

NASA Headquarters 
Washington, DC 20546 


Joseph M. Boyce 
Manager, Planetary 

Geosciences Programs 
Code EL 

NASA Headguarters 
Washington, DC 20546 
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PROPOSAL SUMMARY / ABSTRACT 


PRINCIPAL INVESTIGATOR 


CO-INVESTIGATORS 
PROPOSAL TITLE 


John B. Adams 

Dept, of Geological Sciences AJ-20 
University of Washington 
Seattle, WA 98195 
(206)543-6221 

Milton O. Smith 

Spectral Reflectance of Planetary Surfaces 


ABSTRACT 

a. Our overall research objective is to provide 

b. We worked with Ray Arvidson's group on “0 imams' 

Viking Orbiter, telescopic and laboratory reflectivity atmo « erjc 

using available information on the instalment responses, and we d P annroaches were 

Johnson PE Singer R B Smith M.O., and Adams J.B. Quantitative determination of mineral 

AdSri^ 


Type abstract single-spaced, paragraphs numbered: 

(a) brief statement of the overall objectives and justification of the work; 
b brief statement of accomplishments of prior year.or new proposal , 

(c) brief listing of what will be done this year, how, and why; 

(d) one or two of recent publications relevant to proposed work. 
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PROPOSAL SUMMARY 


PRINCIPAL INVESTIGATOR: Thomas J. Ahrens 

Seismological Laboratory 
California Institute of Technology 
Pasadena, CA 91125 818/356-6906 


CO-IN VESTIGATOR(S): 


TITLE: 

ABSTRACT: 


Impact Cratering Calculations 


a. Objectives: 

To describe and understand the physics of impact cratering, both normal and oblique, 
on planetary surfaces composed of solid silicates, ices, and their regoliths, as well as 
impacts into planetary atmospheres and proto-atmospheres and into the ocean. On a larger 
scale we expect to constrain impact conditions for partial and complete loss of atmospheres 
as well as whole planet, devolatilization melting and/or disruption. This includes 
determining energy partitioning, ejecta distributions (with regard to size, velocity, energy 
content, and sorting), and condensation physics of impact produced vapor as well as the 
impact production of aerosols from the liquid and solid state. 

b. Accomplishments: 


1) Developed a computer model which can explicidy describe impact onto a self 
gravitating exponential planetary atmosphere and the resulting solid ejecta-atmosphere 
interaction. Calculated impact-induced flow from a large (10 km-diameter, 20 km/sec) 
bolide onto an earth-sized planet with an exponential atmosphere. We have determined that 
some 6% of bolide energy couples to the atmosphere. This is close to the value, 5.3%, 
inferred from similarity variable analysis of the hemispherical shock wave in the air. 

2) We have begun test calculations using a new smooth particle hydrodynamic code 
capable of studying atmospheric loss and total planet melting and disruption upon impact of 
two like-sized self gravitating planetary-sized objects. 

3) Determined, via finite-difference calculations, the effect of planetary crustal 
strength aind planetary gravity and/or impactor energy on the transition between cratering 
controlled by strength, versus, that controlled by gravity. Quantitatively demonstrated how 
planetary gravity, strength and crater scale gives rise to gravity-induced crater rebound. 

e have demonstrated that the crater diameter for transition from simple to complex craters 

varies as g* 1 for silicate terrestrial planets and varies from g-0-3 to g* 1 - 0 for icy satellites 
depending on the effective viscosity of the satellite. 



4) In analyzing the effect of impact of a large, Cretaceous-Tertiary sized-, impactor 
on the earth, we have examined the experimental data for impact induced fine ejecta in the 

aerosol (<l|im) range and find that only 10' 5 of the 3-20 x 10 18 g of ejecta from a K/T 
impactor is in fines < 1 ^m. This is a factor of 10 2 to 10 3 less than previous estimates of 
optically dense material lofted into the stratosphere. 


c. Proposed Program 

1) Conduct atmospheric impact cratering calculations to determine the mass of 

atmosphere ejected and lost from a planet (with exponential atmospheres) upon impact of 
different density, diameter, and velocity bolides. . 

2) Complete a study of the effect of gravity, velocity target strength, and projectile 
dimensions on the depth of excavation and crater shape upon impact of large bolides on 
planetary surfaces. The major effect we expect to study is the scaling appropriate for high 
velocity impacts where shock-induced vaporization accounts for a major fraction of the 

crater volume. ... , 

3) We propose to study very large body impacts with our self-gravitating smooth 
particle hydrodynamic code. We expect to examine partitioning of energy and momentum 
for different velocity, impact angle and equation of state, as well as the degree of planetary 
melting and devolatilization. 

d. References 

1. Ahrens, T. J., O'Keefe, J. D„ and Lange, M. A., 1989, Formation of atmospheres 

during accretion of the terrestrial planets. Planet and Satellite Atmospheres. Origin 
and Evolution, ed. S. Atreya and J. Pollack, U. Ariz. Press, Tucson, AZ., in press. 

2. Lange, M. A. and Ahrens, T. J., 1989, Atmospheric blow-off during accretion of the 

terrestrial planetary atmospheres, submitted to Icarus. 

3. O’Keefe, J. D. and Ahrens, T. J., 1989, Impact produced condensate and droplet size 

distributions, submitted to Icarus. 

4. O’Keefe, J. D. and Ahrens, T. J., 1989, Impact production of CO 2 by the K-T 

extinction bolide and the sudden heating of the Earth, Nature, 338, 247-249. 
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PROPOSAL SUMMARY 


PRINCIPAL INVESTIGATOR: Thomas J. Ahrens 

Seismological Laboratory 
California Institute of Technology 
Pasadena, CA 9 1 1 25 81 8/356-6906 


CO-INVESTIGATOR(S): 


TITLE: 


Impact and Collisional Processes in 
die Solar System 


ABSTRACT: 


a. Objectives: 

We are carrying out experimental research on mechanical and thermodynamic aspects 
of shock and impact cratering and accretionary processes in solid planets, and their 
atmospheres and satellites. Experiments are being conducted to understand impact induced 
melting and vaporization of minerals on the terrestrial planets, their satellites and the icy 
satellites of the outer solar system. Recent theories of the impact origin of the moon and 
impact devolatilization of Mercury need to be tested with these data. 

We measure the shock pressure, and hence, infer corresponding impact velocities of 
infalling planetesimals during planetary accretion which are required to induce melting of 
iron, sulfides, and oxides which precedes planetary core formation. We are studying the 
release of volatiles by impact on water-, carbon dioxide-, sulfur-bearing minerals, and 
hydrocarbons in the laboratory because this process is believed to underlie the accretion of 
planetary atmospheres. Studies of noble gas devolatilization are conducted to constrain 
theories of atmospheric evolution. We combine experimental data on shock induced 
melting and vaporization and theories of planetary atmospheric growth to understand the 
chemistry of interaction of hot proto-planetary surfaces with proto-atmospheres. To 
understand impact production of melt and vapor from silicates and formation of magma 
oceans on the earth. Moon, and Venus, we are studying shock temperatures in the minerals 
of planetary crusts and mantles. We are conducting shock loading experiments on rocks in 
order to understand and be able to describe their mechanical response which gives rise to 
the observed negative Bouguer gravity anomalies observed over impact craters on the earth 
and moon and seismic velocity deficits beneath impact and explosion craters. 

b. Accomplishments: 

1 ) We have carried out the first experimental studies of the solubility of Ar in carbon 
glass in order to both understand how noble gases become dissolved in carbonaceous 
material in the solar nebulae and to provide sample material to conduct impact 
devolatilization experiments. 
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2) New gas recovery shock devolatilization experiments were conducted on 
serpentine, serpentine enriched in D, and Murchison carbonaceous chondnte. All three 
materials demonstrate that incipient to complete loss of water occurs upon subjecting these 
materials to shock pressures in the range of 100 to 300 kbar. This is m approximate 
agreement with previous experiments in which only the solid phase was recovered and 
analyzed. Marked depletion of the evolved water and hydrogen in deuterium by as much as 

A5D = - 100%o was discovered. We attribute the preferential partitioning of deutenum into 
the solid phase as a result of a kinetic effect in the reaction of iron with water during the 
shock devolatilization process. If this process occurs during planetary accretion, u leads t 
a new scenario in which the early deuterium depleted atmosphere is lost by Jeans kiss or 
by hydrodynamic escape and a later forming atmosphere has a greater D/H ratio, we 
propose that such a scenario might have occurred on Mars and Venus. 


3) New Hugoniot equation of state data for brucite Mg(OH)2 to 60 GPa demonstrate 
that like MgO, this mineral does not undergo a phase change over this pressure range. 
Moreover, these shock data when analyzed in terms of possible breakdown to MgO H2 
may permit determination of whether water remains associated in the solid state at high 
pressures in planetary mantles. The release isentrope data for brucite shows strong 
evidence for devolatilization upon pressure release and needs to be analyzed in detail and 
compared to previous shock recovery data. 


4. We have nearly completed construction of VIS AR (Velocity Interferometer 

System for a Reflecting Surface) which will be used to conduct a rigorous program of 
study of the impact vaporization of rocks. Virtually no experimental data on the conditions 
for impact volatilization of rocks are available, yet the most recent theories of the origin or 
the moon and the devolatilization of Mercury appeal to this, at present, poorly understood 
process. 

5) We have conducted a series of impact experiments on blocks of San Marcos 
gabbro and Bedford limestone which demonstrate 30 and 50% crack-induced reduction in 
P-wave velocity due to 900 MPa shock pressures. One-dimensional spall experiments to 
relate dynamic tensile stress to the resulting velocity deficit and crack density are also being 
conducted on these rocks. 


c. Proposed Program 

We propose to: 

1) continue our initial study of the uptake of Ar and other noble gases in carbon and 
hydrocarbons and study their devolatilization both via shock and via annealing. We expect 
to start dissolving noble gases in silicates and also study the devolatilization behavior of 
other minerals. In collaboration with Professor Frank Podosek and Dr. Thomas 
Bematowicz, we expect to study the impact devolatilization of noble gases from primitive 

2) search for and analyze the solid phases (MgSi03, Mg2Si04. Mg3Si205(0H)4) 
remaining upon partial devolatilization of serpentine and Murchison meteorites. The 
serpentine is predicted to be enriched in D/H. We propose to also study the gaseous 
species produced upon shocking Murchison meteorite and elucidate the chemistry and 
isotopic variations which appear to occur in the gas phase. 

3) conduct further analysis of the equation of state of brucite and construct a model 
which describes the release isentropes in terms of the equation of state and thermodynamic 
properties of MgO and H 2 O. 

4) conduct further experiments on the cracking and hence density and seismic 
velocity deficit induced by shock waves in both hemispherical and planar geometry in dry 
and wet rocks. We expect to examine the data prescribing the regions of velocity deficits 
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beneath such craters as the Ries and Meteor crater and determine what constraints these 
anomalies can place on the impact process. 

5) Conduct further experimental impact studies of rocks and determine the effects of 
velocity and size scaling on the production of aerosol-sized ejecta. 


d. References 

1. Lange, M. A. and Ahrens, T. J., 1987, Impact experiments in low temperature ice, 

Icarus, 69, p. 506-518. 

2. Tyburczy, J. A. and Ahrens, 7 j m 1988, Dehydration kinetics of shocked serpentine, 

P ress^p * ^4 3 5^442 ^ Mmr an< ^ ^ anetar y Science Conference, Cambridge Univ. 

Schmitt, D. R. and Ahrens, T. J., 1988, Shock temperatures in silica glass, J 
Geophys. Res., in press. 

•Tyburczy, J. A Krishnamurthy, R. V Epstein, S., and Ahrens, T. J., 1989, Impact 
induced devolatilization and hydrogen isotopic fractionation of serpentine: 
Implications for planetary accretion, submitted. Earth Planet. Sci. Lett. 

Tan, H. and Ahrens, T. J., 1989, Shock-induced polymoiphic transition in quartz 
carbon, and boron nitride, J. Appl. Phys. 


3. 

4. 


5. 
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UCSD 89-1386 


PROPOSAL SUMMARY 


PRINCIPAL INVESTIGATOR: James R. Arnold 

California Space Institute, A-021 
Scripps Institution of Oceanography 
University of California, San Diego" 
La Jolla , CA 92093 
(619)534-2908 

ASSOCIATE INVESTIGATORS: K. Nishiizumi 

E. M. Shoemaker 


PROPOSAL TITLE: Age and Erosional History of Meteorite Craters 

Using Cosmogenic Nuclides 

ABSTRACT: 


(a) We propose to measure the age of the five known meteorite impact craters in Australia, by a 
combination of measurements of cosmogenic nuclides in meteorite specimens and in samples of quartz - 
bearing rocks exposed by the impact. Samples of both sorts have been collected for this work by E. 
and C. Shoemaker; further collections are planned. For older craters the terrestrial quartz data will 
measure primarily erosion rates in crater and ejecta materials; for younger ones crater age determination 
may be possible. The most important radionuclides are * 4 C (to be measured at Arizona), ^Be and 
26 A1 (to be measured at Pennsylvania). These measurements can provide estimates of the impact rates 
on earth of iron and stony-iron meteoroids in the 1-50 meter size range, and of the rate of disappearance 
of impact craters in arid regions. As part of this study we will continue our dating and erosion studies 
of Meteor Crater, Arizona. 

(b) New Proposal 

(c) With our AMS colleagues we will measure 14 C, 10 Be, and 26 A1 in terrestrial quartz collected at 
the five Australian craters and at Meteor Crater, Arizona. We will also measure these radionuclides in 
meteoritic metal collected at these craters. Some further sampling will be carried out in Australia. 

(d) Nishiizumi et al (1989b) 

Nishiizumi et al (1989c) 
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PROPOSAL SUMMARY 


PRINCIPAL INVESTIGATOR: 


CO-INVESTIGATOR: 


Raymond E. Arvidson. Professor 
McDonnell Center for the Space Sciences 
Department of Earth and Planetary Sciences 
Washington University 
St. Louis, MO 63130 
Telephone: 314-889-5609 

Edward A. Guinness, Senior Research Scientist 


SCIENTIFIC COLLABORATORS: 

Raymond Jurgens 
Anne Kahle 
Ralph Kahn 
Daniel McCleese 
R. Stephen Saunders 
Jakob Van Zyl 
Richard Zurek 
Jet Propulsion Laboratory 


Ronald Greeley 
Arizona State University 

James Pollack 

NASA Ames Research Center 

Richard Simpson 
Stanford University 

Robert Singer 
University of Arizona 


TITLE: ANALYSIS OF REMOTE SENSING DATA FOR THE SURFACES OF 

THE TERRESTRIAL PLANETS 


A. Objectives: Acquisition and analysis of airborne AVIRIS, TIMS, quad-pol radar, and 
ground data over GRSFE test sites to test models for-extraction of surface property 
information. Data and documentation to be archived for planetary community use. 

Geology of Venus, including rates of resurfacing by both endogenic and exogenic processes. 
Surficial geology of Mars using visible, thermal, microwave wavelengths, stressing genetic 
relationships between local bedrock and sedimentary cover. 

B. Accomplishments: (1) Detailed planning for joint EL/EE airborne and ground GRSFE 
deployment using AVIRIS, TIMS,' quad-pol radar systems; (2) Used Seasat data to simulate 
geological information in Venera and Magellan images: (3) Re-evaluated evidence for 
clustering of craters on Venus and whether a production population exists; (4) Generated 
review articles (with H. Moore, J. Gooding) on Viking Lander results, on Planetary 
Geology, and on Martian weathering (with Gooding et al.); (5) Analyzed impact crater 
population on Mars south pole; (6) Pursued use of visible, thermal, microwave to 
characterize and map Mars surficial materials exposed in Oxia and surroundings; (7) 
Photogeological analyses of Goldstone Venus images. 

C. Proposed Work in 1990: (1) Reduce and analyze airborne and ground remote sensing data 
over GRSFE test sites in Mojave desert. Assembly of archive of reduced data and 
documentation. With PDS help, publish set of 10 CD-ROMs of GRSFE data for community 
use: (2) Explore separation of reflectivity from roughness, and geological ramifications of 
results using Goldstone Venus data; (3) Implement visible through thermal IR radiative 
transfer models for extraction of surface information from Viking data; (4) Characterize 
Martian surface materials in northern equatorial region using multi-angle Viking images. 
IRTM. and radar data; (5) Studies of aeolian geology of Venus with Greeley. 

D. Publications: See Appendix II and Table of Contents. 
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PROPOSAL SUMMARY 


PRINCIPAL INVESTIGATOR: 
(Name, Address, 
Telephone Number) 


Victor R. Ba ker 

Department ot Geosciences, 
Arizona, Tucson, AZ 85721 


University of 
(602) 621-6003 


Co-INVESTIGATORS : — 

(Name Only) — 

PROPOSAL TITLE : Planetary Geomor phology 

ABSTRACT: (Type single— spaced below line. Lettered paragraphs 

(a) through (d) should include: a. brief statement of the 
overall objectives and justification of the work; b. brief 
statement of the accomplishments of the prior year, or "new 
proposal;" c. brief listing of what will be done this year , as 
well as how and why; and d. one or two of your recent publi- 
cations relevant to the proposed work.) 


A. Determine the origins, ages, and hydroclimatic significance for 

various channels, valleys, and related hydrogeomorphrc features on 
liars through photointerpretation of orbital imagery, comparison to 
terrestrial analogs, and theoretical studies of f luvial/hillslope 
mechanics and hydrologic processes. 


B. 1) Applied new hydraulic flow-modeling procedures to the calculation 
of cataclysmic flood parameters for the Channeled Scabland and for 
Martian outflow channels. 2) Improved the understanding of. sapping 
origins for some Martian valley networks by studies of Hawaiian 
volcano valleys. 3) Developed a preliminary hydrothermal model to 
explain the origin of most Martian valleys. 4) Documented the 
anomalous character of valleys on Alba Patera in relation to the 
general timing and inferred processes of valley formation on Mars. 


C. Develop new theoretical criteria for relating Mars channel-erosional 
evidence to causative flow process mechanics. Use appropriate field 
data from Channeled Scabland to test model predictions. Adapt to 
Martian parameters various computer models used for simulating 
terrestrial hydrothermal systems. Compare predictions of the 
hydrothermal hypothesis to atmospheric models of paleoclimatic 
change on Mars. Continue to use combined geomorphological mapping, 
morphometric analysis, photointerpretation, and theoretical analysis 
of advance understanding of Mars hydrogeomorphology, and extend this 
experience to megageomorphological comparison of Earth, Mars, and 
Venus. 


D. Baker, V.R., 1988, Geological fluvial geomorphology: Geological 

Society of America Bulletin, v. 100, p. 1157-1167. 

Baker, V.R., 1988, The channels of Mars, in The NASA Mars 

Conference: American Astronaut. Soc. , v. 71, p. 75-90. 
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PROPOSAL SUMMARY 


PRINCIPAL INVESTIGATOR: Stephen M. Baloga 

Jet Propulsion Laboratory 

MS. 183-501 

4800 Oak Grove Dr. 

Pasadena CA, 91109 
(818) 354-2219 

CO -INVESTIGATOR: Joy A. Crisp 

TITL£: QUANTITATIVE STUDIES IN PLANETARY VOLCANISM 


OBJECTIVES: 1) To develop quantitative methods for assessing the relative 

influence of topographic and rheological controls on the emplacement of planetary 
lava flows and apply the results to lava flows on selected volcanoes on Mars 
2) To determine whether the composition of lobate and sheet flows on Io is sulfur 
or silicate, 3) To develop new energy balances for explosive eruption columns 
on Mars that incorporate Stefan-Boltzmann radiation and particle losses and 
explore selected morphological features in conjectured ash deposits, and 4) To 
develop quantitative constraints on the source of magma supply from lava flow 
and flow fields on Mars. 


PROGRESS : Corresponding to the above objectives, recent progress has been 
1) Completed modeling of flow emplacement from Puu Oo 1983-1984 eruption 
identified model shortcomings, and scaled model for Mars gravity, 2) Performed 
preliminary qualitative and quantitative analyses of arguments in favor and 
against sulfur flows on Io, 3) Reformulated the original equations for buoyant 
plumes and obtained energy integrals, and 4) Completed feasibility study at Alba 
a era on the use of lava flow data to constrain sources of magma supply. 


PROPOSED WORK. Corresponding to the above objectives, 1) Incorporate recent fluid 
mechanics developments into existing models for lava emplacement and compare 
p dictions with terrestrial and planetary data, 2) Use new models and 
morphologic information to establish composition of lava flows on Io, 3) Obtain 
new energy balances for volcanic plumes and re-assess existing thoughts on 
explosive volcanism on Mars, including mantled deposits with hummocks and ridges 
and 4) Investigate major magmatic supply and flow emplacement factors that could 
produce systematic trends in surface expression of lava flow fields on Mars. 

S^Y BIBLIQGRAPHY : Baloga, S.. (1987). Lava flows as kinematic waves, JGR 
92, 9271-9279, Crisp, J. and S . Baloga, (1989), Lava flows with two thermal 
components, submitted to JGR, March 1989; Baloga. S. and J. Crisp, (1988), Leveed 
lava flows on Mars, Icarus, in revision; Baloga, S. and D. Pieri, (1986), Time- 
dependent profiles of lava flows, JGR, 91, 9543-9552 
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PROPOSAL SUMMARY 


PRINCIPAL INVESTIGATOR: W. Bruce Banerdt 

Jet Propulsion Laboratory, MS 183-5UI 
4800 Oak Grove Drive 
Pasadena, CA 91109 
(818) 354-5413 (FTS) 792-5413 

CO-INVESTIGATORS: None 
TITLE: Planetary Tectonics 

ABSTRACT 

A. The broad objective is to better understand the mechanical behavior, structure, and history of 
the crusts and upper mantles of the solid planets and satellites. 

B. During the past six months we have: (i) reconciled differences between existing stress models 
for Tharsis and generated high resolution plots for use in comparing mapped tectonic features with 
theoretical predictions; (ii) continued the investigation of mechanical/petrological constraints on t e 
evolution of Tharsis, with one paper published and another manuscript submitted for publication, 
(iii) completed the study of early thermal gradients on Europa using lithospheric strength envelopes 
and observations of extensional tectonic features, with a manuscript submitted for publication. 

C. I propose to do the following: (i) continue the investigation of the effects of mantle dynamics 
on surface stress fields in planetary lithospheres, and perform regional studies of the state or stress 
in selected areas on Venus at moderate resolution in order to refine regional models ot the 
lithosphere and upper mantle of Venus; (ii) continue the work underway using stress predictions, 
petrological constraints, and tectonic observations to test various models for the thermal and 
tectonic history of the Tharsis region of Mars, and develop a general thermomechanical modelling 
framework for further extending these studies; and (iii) investigate tectonic deformation processes 
and subsurface structure on Io using realistic rheological assumptions. 

D. Selected References: , , . KT , 

Banerdt, W. B., and M. P. Golombek, Long wavelength stress models for Mars: New and 

improved. Lunar Planet. Sci. XX, 40-41, 1989. . 

Phillips, R. J., N. H. Sleep, and W. B. Banerdt, Permanent uplift in magmatic systems with 
application to the Tharsis region of Mars, J. Geophys. Rev. in review, 1989. 

Finnerty, A. A., R. J. Phillips, and W. B. Banerdt, Igneous processes and closed system 
evolution of the Tharsis region of Mars, J. Geophys . Res., 93 , 10225-10235, 1988. 
Golombek, M. P„ and W. B. Banerdt, Constraints on the subsurface structure of Europa, Icarus, 

in review, 1989. . 

Banerdt, W. B., Global dynamic stress modelling on Venus (abs.), Lunar Planet. 5ci. A/A, ZD- 

26, 1988. 
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PROPOSAL SUMMARY 


PRINCIPAL INVESTIGATOR: Jeffrey F. Bell 

(Name, Address, Planetary Geosciences Div., Hawaii Inst, of Geophys . 

Telephone Number) Univ. of Hawaii, 2525 Correa Rd., Honolulu, HI 96822 

(80ii> 94S-6488 — 

Co-INVESTIGATORS : 

(Name Only) - 


PROPOSAL TITLE: 


Spectral Studies of Possible Asteroidal Materials 
MSTT7T2 


ABSTRACT: (Type single-spaced below line. Lettered paragraphs 

(a) through (d) should include: a. brief statement of the 
overall objectives and justification of the work; b. brief 
statement of the accomplishments of the prior year, or "new 
proposal;" c. brief listing of what will be done this year, as 
well as how and why; and d. one or two of your recent publi- 
cations relevant to the proposed work.) 


a. The objective of the proposed work is to improve our understanding of the surface 
mineralogy of asteroids, and to link the vast existing body of meteorite geochemical data with 
specific astronomical objects which may be targets of future NASA missions. The methodology 
to be employed is: 1) prepare simulated asteroid regolith material by pulverising meteorite 
samples or constructing artificial mineral mixtures corresponding to hypothetical asteroid 
compositions, 2) obtain IR (0.3-5.0 micron) reflection spectra of the simulated regolith, 3) analyze 
the lab spectra for systematic changes with composition, 4) use the knowledge obtained in the lab 
to analyze asteroid spectra obtained telescopically and develop mineralogical interpretations of 
the surfaces of selected objects, and 5) integrate the mineralogical information with other 
astronomical data, orbital dynamics, and meteorite studies to reconstruct the condensational, 
thermal, and collisional history of the asteroids and their parent planetesimals. 

b. Completed chapter for Asteroids //volume; published results of asteroid family study 
obtained lab spectra of unique chondrite ALHA 85085; investigated use of scattering theory to 
determine asteroid composition, 

c. Obtain laboratory spectra of possible outer solar system organic darkening materials; 
obtain spectra of graphite-magnetite matrix material, FeS, and shocked veins in chondrites- 

investigate application of scattering theory to asteroid regoliths; complete manuscript on pallasite 
origins. 

d. J. F. Bell and K. Keil, Spectral alteration effects in chondritic gas-rich breccias: 
Implications for S-class and Q-class asteroids. Proc. Lunar Planet. Set. Conf. 18th, Cambridge 

Umv. Press, 573-580; J. F. Bell, A probable asteroidal parent body for the CV or CO chondrites 
Meteontics 23 , 256-257. 
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PROPOSAL SUMMARY 


PRINCIPAL INVESTIGATOR: 
(Name, Address, 
Telephone Number) 

Co-INVESTIGATORS : 

(Name Only) 

PROPOSAL TITLE: 


J.W. Boring 


Department of Nuc lear Engineering and 

Engineering Physi cs, Univeristy of Va. 
Charlottesville , VA 22901 (804-924-3213) 


R.E. Johnson 

"Laboratory Reflectance Spectra of Irradiated 
Ices: Applications to Europa" - 


ABSTRACT: (Type single-spaced within box below. Paragraphs 

numbered' (a) through (d) should include: a. brief statement of 
the overall objectives and justification of the work; b. brief 
statement of the accomplishments of the prior year, or new 
proposal;" c. brief listing of what will be done this year, as 
well as how and why; and d. one or two of your recent 
publications relevant to the proposed work. ) 


Abstract: 

A qreat deal of information has been obtained concerning the 
niture of the surfaces of bodies in the solar system by studying 
their reflectance spectra, either by ground based ° r 

the 

.“£3aL£- 

rrsyssr-s 2ys^.--s= 

satellites and rings of the outer planets. This proposal 
addresses this need and is concerned with a particular planetary 
bodv - Europa. We are concerned with the reflectance of 2 
(both pure and in mixtures) in the visible and ^ e “^ e c ^ eS 
in this reflectance effected by bombardment of the surface by 
ions typical of those present in Jupiter's magnetosphere. The 
results of these measurements will then be used to interp 
available reflectance data on Europa itself and provide 
framework "r future studies of this and similar surfaces m the 

solar system. 

b) There has been only one month from the time of notification 
of funding for the present year and the Preparation of this 
nroDosal During this time we have assembled the new 
spectroscopic syltem and studied briefly the reflectance of H 2 0 
in the wavelength range 0.22 - 0.55 ,» as a function of the 
fluence of bombardment by S0 2 + ions. 

c) Films of H 2 0 and mixtures including S0 2 , HH 3 and CO are 
deposited onto a metallic substrate. The temperature of 
deposition is an important parameter governing the surface 

topography of the ice film. The reflectance of the 
the wavelenqth range 0.22 - 0.8 nm of light from a high pressure 
Xe arc so^rle Willie studied as a function of the -radiation of 
the sample with various ions such as S , H an ^ 0 if, the 

Dresent in the Jovian magnetosphere. The growth of the film, the 
?on boLardment and the Reflectance studies will all be performed 
in a vacuum system that has a base pressure of 10 Torr. The 
specific aim of these studies is to assess the ,£**"* 

bombardment on the reflectance spectra of Europa and similar 
bodies and identify the chemical species responsible for the 
changes observed in the spectra. 

d) Relevant publications: "Measurements of ? R ® Ctra 

sjrsttrjzxsr*.?. ear- “ 

"VoRIgeR^iaglR of Europa! Plasma Bombardment" *: E- 
Nelson, T.B. McCord and J. Gradie, 2S. (1988). 42 
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Proposal Summary 


Principal Investigator. Alan P. Boss 

Department of Terrestrial Magnetism 
Carnegie Institution of Washington 
5241 Broad Branch Road N.W. 

Washington, D.C. 20015 
(202)686-4402 

Proposal Title : Three Dimensional Evolution of the Solar Nebula 

Abstract 

(a) Objective: Numerical calculation of the formation and early evolution of the 
solar nebula, including the most important physical processes: three dimensional (3D) 

ydrodynamics , self-gravitation, radiative transfer, and complete gas thermodynamics. 
The models seek to improve our understanding of the dynamics and thermodynamics of 
the solar nebula, and hence our understanding of basic physical processes and conditions 
of crucial importance for planetary formation. 

(b) Progress : (1) A major survey of parameter space for 3D models of solar nebula 
formation has (a) shown the importance of gravitational torques for rapid angular mo- 
mentum transport in the nebula, (b) demonstrated the possibility of high temperatures 
(~ 1500 K) in the inner nebula, and (c) shown the apparent impossibility of obtaining 
high enough surface densities to explain the rapid formation of Jupiter and the giant 
planets, even for models starting from alternative initial conditions. (2) Study of pro- 
tostellar hiccups with ID and 3D models has shown that the hiccup phenomenon is 
suppressed in very rapidly rotating protostars, but hiccups may eject energetic streams 
of gas into the innermost nebula in more slowly rotating models. (3) The radiative 
transfer solution method has been successfully extended to include the 3D Eddington 
approximation at very high optical depths. (4) Second order accurate hydrodynamics! 
schemes have been tested on a variety of ID test problems. 

(c) Proposed work: The primary goal is to complete the testing of second order 
accurate hydrodynamical schemes on ID and 3D test problems, and to include the im- 
proved coding in the next set of production models. Other important improvements 
such as use of the 3D Eddington approximation and higher spatial resolution are an- 
ticipated particularly if a faster processor is obtained. While the emphasis is thus on 

P eve l°P™ er d i n the second year, a few new solar nebula models may be completed 
with intermediate or final versions of the code. 

(d) Summary bibliography (3/88 - 2/89, first year, PI only): 7 papers published or 
submitted, 7 abstracts, 15 oral presentations. Two representative publications: 

A - P ‘ B ° SS ’ Hig k Tem P eratures in the Early Solar Nebula, Science, 241, 565-567, 

li/OO. 

A - Boss, Evolution of the Solar Nebula I. Nonaxisymmetric Structure During 
Nebula Formation, Astrophys. J., submitted, 1988. 
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PROPOSAL SUMMARY 


PRINCIPAL INVESTIGATOR: Robert H. Brown 

Jet Propulsion Laboratory 

M.S. 183-501 

4800 Oak Grove Dr. 

Pasadena, Ca . 91109 

CO- INVESTIGATORS : Dennis L. Matson 

TITLE: Testing solid-state greenhouse models using thermal IR 
eclipse observations of icy satellites. 


ABSTRACT: 

a) OBJECTIVES: To use existing observations of eclipses of the Galilean satel- 
lites in the thermal infrared to test and refine the solid-state greenhouse 
model. To advance understanding of surface and near-surface temperature dis- 
tributions of icy satellites and to provide important input to thermal -his tory 
calculations for icy satellites. Our main objective is to modify and use our 
existing solid-state greenhouse models to interpret observations of the full- 
disk thermal flux during eclipse immersions and emersions of Europa and 
Ganymede. This will enable us to obtain estimates of the penetration scale 
length for sunlight on icy satellites and thus to more accurately model the 
surface and near-surface temperature distributions of satellites such as 
Europa and Enceladus. This is essential for determining upper boundary- layer 
temperatures of icy satellites. Preliminary models constructed by us have 
shown that recognition of and understanding the nature and scope of the 
solid-state greenhouse effect is quite important to understanding icy- 
satellite thermal histories and their geological evolution. 

5) PROGRESS : Preliminary analysis of eclipse data on Europa shows strong evi- 
dence for a solid-state greenhouse; subsurface temperature enhancements of 
~40-50°K are suggested. Our models have been generalized to include variable 
thermal parameters, and we have incorparated that generalized thermal modeling 
code into the most accurate and detailed numerical model of Jovian satellite 
eclipses produced to date . 

c) PROPOSED WORK : We propose to continue to interpret, using solid-state 
greenhouse models, thermal - infrared eclipse flux curves of Ganymede and 
Europa. We will be further improving our eclipse modeling code to include the 
effects of the Jobian penumbra on satellite eclipses and will investigate ways 
to include vapor and heat transport to study how an icy regolith responds to 
the solid-state greenhouse effect. We will also study the effect on profiles 
of solar energy deposition with depth from differing regolith parameters 
(porosity, albedo, grain size etc.). 

d) SUMMARY BIBLIOGRAPY : Brown, R. H. and D. L. Matson (1987), "Thermal 
effects of insolation propagation into the regoliths of airless bodies", 
Icarus 72, 84-94; D. L. Matson and R. H. Brown (1987), "Solid-State 
greenhouses and their implications for icy satellites", Icarus 77, 67-81. 
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PROPOSAL SUMMARY 


PRINCIPAL INVESTIGATOR: Joseph A - Burns 

Center for Radiophysics and Space Research 
Cornell Univ. , Ithaca, NY 14853. (607) 255-7186/6909 


None 


Physical Processes in Planetary Rings 


ABSTRACT: (Type single-spaced below line. Lettered paragraphs 

(a) through (d) should include: a. brief statement of the 
overall objectives and justification of the work; b. brief 
statement of the accomplishments of the prior year, or "new 
proposal;" c. brief listing of what will be done this year, as 
well as how and why; and d. one or two of your recent publi- 
cations relevant to the proposed work. ) 


(Name, Address, 
Telephone Number) 

Co-INVESTIGATORS : 
(Name Only) 

PROPOSAL TITLE: 


a. ) We wish to understand the processes that produce the elegant ring structures 

that encircle planets. Our research emphasizes narrow isolated rings and, 

especially, faint rings comprised of dust grains; in these cases somewhat different 

physics comes into play than in the dense main rings. An appreciation of the 

causative mechanisms that act in planetary rings should help us comprehend the 
processes that occurred in the solar nebula and the circumplanetary disks out of 
which planets and satellites, respectively, grew. 

b. ) Full proposal for three year renewal. 

c. ) We will complete our analysis of the images of Saturn’s isolated F ring and 

our dynamical simulation of this narrow and shepherded ring; the latter dynamics 

will also be applied to other narrow rings and gaps, e.g., the width variation of the 
Keeler Gap. We will prepare for publication our completed research about the 

physics of circumplanetary dust grains (electric charging, orbital evolution and 
passage through Lorentz resonances). We will investigate various ring problems 
involving electromagnetic forces on small grains (including Saturn’s spokes), the 
origin and structure of the E ring, and charged particle absorption signatures of 
satellites and dust clouds. We will also consider the origin and evolution of faint 
rings, especially the Uranian dust ring, and the capability of circumplanetary grains 
to account for the observed asymmetrical coating of various satellites. 

d. ) J. A. Burns and L. Schaffer 1989. Orbital evolution of circumplanetary dust by 

resonant charge variations. Nature 337, 340-343. 

J. N. Cuzzi and J. A. Bums 1988. Charged particle depletion surrounding 
Saturn's F ring: Evidence for a moonlet belt? Icarus 74, 284-324. 
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PROPOSAL SUMMARY 


PRINCIPAL INVESTIG . p1Hrf m.I.T., Cambridge, MA 0 2139 

(Name, Address, ^ g Q g - - 

Telephone Number) (617) 

Co-INVESTIGATORS : — 

(Name Only) ., Electronic spectra ol Materials Simulating Planetary 

PROPOSAL TITLE: Surfaces : Oxidation Pro d ucts on Mars and V enus 

ABSTRACT: (Type single-spaced below ^ a ^g raphS 

fa) through (d) should include: a. brief statement of th 
oviraU objectives and justification of the work; b. brief 
statement of the accomplishments of the prior 
proposal;” c. brief listing of what will be done this year, 
well as how and why; and d. one or two of your recent pu 
cations relevant to the proposed work.) 

(a) Ohiectives : Iron-bearing minerals on terrestrial planets are vulnerable to 

pervasive oxidative weathering, during which distinctive Fe(III) phases are 
produced. Such ferric-bearing assemblages,, once identified, may rev ® al parent 
rock-types and surface weathering processes on the planet. Since the Fe(II) and 
Fe(III) minerals are amenable to a variety of spectroscopic techniques, reaction 
pathways from primary Fe(II) silicates and sulfides to secondary Fe(III) phases 
may be deduced from measurements of visible - near infrared and Mossbauer 
spectra. Spectral features of experimentally degraded minerals may also enable 
oxidative weathering products to be identified in remote-sensed reflectance 
spectral profiles of planetary surfaces. 

th) Progress* A model for chemical weathering on Mars has been proposed by us 
in which near-surface oxidation of FeS minerals has produced acidic groundwater 
that altered primary Fe-Mg silicates in host komatiitic basalts. Reflectance spectral 
measurements of sulfuric acid-degraded olivines have demonstrated that 
diagnostic Fe 2+ crystal field bands become obscured by poorly crystalline goethite 
and jarosite phases identified by Mossbauer spectroscopy. Similar Fe 3 + phases 
were identified in the martian meteorites ALHA 77005 and Nakhla. 

(c) Proposed Research : Oxidative weathering processes on Venus and Mars are 

being assessed from x-ray diffraction, electron microscope and microprobe, and 
visible - near infrared and Mossbauer spectral measurements of pyroxenes and 
olivines heated in C0 2 -dominated atmospheres and reacted with H 2 S0 4 Spectral 
features are to be measured for Fe 3+ -0 2 -bearing clay silicates (Mars) and biotite 
micas and calcic amphiboles (Venus) produced by heating Fe +-OH -bearing 

minerals in C0 2 -dominated atmospheres. „ _ 

( d ) Rpppnt Publications : See published papers and abstracts by R.G.Burns, 

D.S. Fisher, K.S.Bartels, and T.C.Solberg in: Proc. 19th LPSC, 313 M ^ era i. 
Mag., 53 , 123 (1989); Lunar Planet. Set., XX, 44, 129 and 299 (1989); EOS, 69, 503 
(1988); MEVTVILPI Tech. Rept. 88 - 05 , 34 (1988). 
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PROPOSAL SUMMARY 


PRINCIPAL INVESTIGATOR: Bonnie J. Buratti 

Jet Propulsion Laboratory 
4800 Oak Grove Drive 
Pasadena, California 91109 
(818) 354-7427 (FTS) 792-7427 

CO- INVESTIGATORS: 


TITLE: Albedo Patterns of the Saturnian Satellites 


ABSTRACT 

A. OBJECTIVE: The objective of this task is to quantify and explain the 

albedo and color variegations on the five inner medium- sized Saturnian 
satellites. We will investigate the interaction of the E-ring with their 
surfaces and other exogenic processes as a possible explanation for some of 
the albedo markings. A second goal is to develop general software to create 
albedo and color maps of planetary surfaces. 

B. PROGRESS: (1) Completed color maps of the five Saturnian satellites: 

Enceladus, Mimas, Tethys, Dione, and Rhea. (2) Compiled all existing 
photometric observations of Ganymede and Callisto, including our own Voyager 
imaging measurements, to create accurate phase curves of these 2 satellites 

(3) Made detailed comparison of albedo and color maps with geologic maps. 

(4) Improved our mapping software. 

C. PROPOSED WORK: (1) Complete our analysis of processes, both exogenic 

and endogenic, which cause the albedo and color markings of the satellites. 
(2) Derive fundamental scattering properties of Ganymede and Callisto from 
our phase curves. (3) Make improvements to our computer programs, based on 
recent theoretical work. 

D. SUMMARY BIBLIOGRAPHY: 

Buratti, B., et al. , (1988) Applied Optics 27, 161-165. 

Buratti, B.J., (1988), Icarus, 75, 113-126. 

Buratti, B.J. and Golombek, M. (1988), Icarus 75, 437-151. 

Buratti, B.J., et al. (1988), Nature 333, 148. 

Lane, et al., (1988), Submitted to Icarus. 

• (1988) , Abstract 5.11 of Uranus Colloquium, June 28-July 

1,1988. 

Buratti, B. , et al. (1988), B.A.A.S. 20, 855. 

Buratti, B. , et al. (1989), submitted to Icarus. 

Buratti, B. , et al. (1989), submitted to Icarus. 
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PROPOSAL SUMMARY 


PRINCIPAL INVESTIGATOR: Donald B. Campbell 

(Name, Address, Space Sciences Building 

Telephone Number) Cornell University 

Ithaca, NY 14853 (607) 255-9580 

CO- INVEST I GATORS : 

(Name Only) 

PROPOSAL TITLE: Analysis of Radar Observations of Venus and 

The Moon 

ABSTRACT: (Type single-spaced below line. Lettered paragraphs 

(a) through (d) should include: a. brief statement of the 
overall objectives and justification of the work? b. brief 
statement of the accomplishments of the prior year, or "new 
proposal ? " c. brief listing of what will be done this year, as 
well as how and why; and d. one or two of your recent publi- 
cations relevant to the proposed work. ) 


a ) Several small studies of Venus and the moon are being proposed basically 

continuing and building on the current work. Current and soon to be acquired 
radar data sets for Venus and the moon will be used for: 1) a general description 
of the surface of Venus in the southern hemisphere area covered by the new Arecibo 
data- 2) a study of crater frequencies and distributions on Venus; 3) studies of 
volcanic flows and other features in Venus utilizing the polarization properties 
of the reflected signal and a comparison with equivalent results from terrestrial 
flows obtained with the JPL aircraft SAR system; 4) studies of the scattering 
mechanism associated with lunar impact craters, volcanic flows, etc. by means of 
high resolution radar imagery and polarization measurements. . 

b) Work over the past year has concentrated on the production and analysis of a 
new set of Arecibo radar images of Venus. Analysis work has concentrated on an 
area of approximately 30. 10 6 km 2 at low northern latitudes which includes some 
overlap with the Venera 15/16 data'. A general description has been made of the 
terrain plus an initial effort to identify impact craters and study their 
distribution in relation to the terrain units. Preparations are underway for a 
detailed study during the summer of the polarization properties of the reflected 
signal from volcanic flows and 'dark halo 'areas and a comparison of the results 

with similar areas obtained for the earth. . 

c) We anticipate making progress in all the studies outlined in a) 
uncertainty is in the success of the polarization studies for both Venus and the 
moon but, if successful, the results should be very interesting. 

d) "New Arecibo High Resolution Radar Images of Venus: Preliminary 
Interpretation", D.B. Campbell, A. A. Hine, J.K. Harmon, D.A. Senske, R.W Vorder 
Bruegge, P.C. Fisher, S. Frank and J.W. Head, Abst. for 20th Lunar and Planetary 
Science Conf . , March, 1989 (To be submitted to 'Science' in April). 

"Orogeny and Large Scale Strike-Slip Faulting: Tectonic Evolution of Maxwell 
Montes? Venus", R.W. Vorder Bruegge, J.W. Head, D.B. Campbell, submitted to J. 
Geophys . Res., Dec. 1988. 


19 


PROPOSAL SUMMARY 


PRINCIPAL INVESTIGATOR: ^Michael H. Carr 

(Name, Address, U.S .G.S., 345 Middiefield Rd., MS-946 

Telephone Number) Menlo Park, CA 94025 (415) 329-517 4 

CO-INVESTIGATORS: 

(Name Only) — —— ~ “ 


PROPOSAL TITLE: 


Deuterium and the Mars Water Cycle 


a. Objectives . The over-all objective is to better determine the role that 
water has played the geologic and climatic history of the planet. Present 
estimates of the amount of water outgassed from the planet range from 3 m to 
over 1 km. If the low numbers are correct, then the model for the geologic 
history of the planet that has evolved over the last several years is wrong, 
for there would be insufficient water to form many of the features generally 
interpreted as having formed by water and ice. Recent measurements show that 
the D/H ratio of water in the martian atmosphere is 5.2 times the terrestrial 
value. The Initial interpretations of this enrichment are difficult to 
reconcile with current interpretations of the planet's geologic history. The 
main objective of this proposal is to explore ways of reconciling the D/H 
enrichment with the geology. A secondary objective is to define conditions 
under which liquid water could exist close to the surface, thereby 
facilitating seepage and formation of valley networks. 

b. Acomplishments . New proposal 

c. Plans for FY-90. Emphasis in FY-90 will be on evaluating the implications 
of the deuterium enrichment in the martian atmosphere. Estimates will be made 
of how much water would enter the martian atmosphere during a typical flood, 
and how this would affect the d/h ratio in the atmosphere. A model will be’ 
explored in which the water in the atmosphere and water in the ground are 
essentially decoupled except for occasional events such as large floods. 
Special emphasis will be placed on assessing how secure the evidence is that 
the poles exchange significant amounts of water with the atmosphere. These 
approaches are all considered necessary in order to reconcile the D/H 
measurements with the abundant evidence for water action on the surface. When 
the deuterium work is complete work will start an assessing the ground 
conditions necessary for groundwater seepage. 

d. Recent relevant publications. Carr, M. H., Recharge of the early 
atmosphere of Mars by impact-induced release of CC> 2 (in press, Icarus). 

Carr, M. H. , 1988, The inventory of water on Mars. Astron. Vestnik, v. 22. 
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PRINCIPAL INVESTIGATOR: 


CO-INVESTIGATORS: 
PROPOSAL TITLE: 


PROPOSA j SUMMARY 

Philip R. Christensen 

Department of Geology 

Arizona State University ... .. n , 

Tempe, Arizona 85287 Ph.(602)965-710 

Dr. Donald Anderson 

Thermal-Infrared Spectroscopy for Planetary Surfaces 


ABSTRACT: the thermal-infrared spectra of 

a) The objectives of this proposal are ) studv the spectral properties of 

candidate planetary ^materials: ;n to" interpret 
natural rocks, weathenng p^ucts^and provides a powerful analytical 

planetary observations Thermal emission specTOSc RX F materia i s . All silicates, 
tool for determining the composition p &y ' , materials have diagnostic 

carbonates, sulfates, oxides, phosphates, an nmnosal will measure the spectral 

absorption bands in the thermal-ill repmbTfc 5 ^^'"jSerand realistic 
characteristics of specific geologic m ^ k being performed here 

environments that axe relevant to planeimy snrf^es_ Ibe wmx be g P m 

acquires spectra of materials in em.ssmm important for 

important role. 

b) Major accomplishments of the Jf spTcffTp^^ wLdlering 

c) Future work: Effort on Stl will continue theri^dy 

candidate materials in emission over a rang P f . ’ a j.jj^ spectra to the 

characteristics. The emphasis wdl be on the work 
composition and physical properties of ^s^ace a “ " in volcanic glasses. Effort 
will expand the study of composition an beginning with simple mixtures of 

quS^olS to a S£tigaS 

of coated rocks prevlously 

characterized by thermal spectral and petrologic analysis. 

d) 1989 ’ Thermal-infrared spectral observations of coated surfaces, 

cSSS tS emission specify of p.anetary surfaces. Am. Chem. Soc. 

Abstracts, in press. Composition and textural variations in lava from Glass 

fim menial spiuoscopy, Inurnc, Asso, Vocmolay andCdemw 

of Earth's Interior, Abs. with Programs , m P ress - Annlication to Earth and Mars, in 

Englert eds., in preparation. 
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PROPOSAL SUMMARY 


PRINCIPAL INVESTIGATOR: 


CO-INVESTIGATORS: 


PROPOSAL TITLE: 


Philip R. Christensen 
Department of Geology 
Arizona State University 
Tempe, Arizona 85287 
(602) 965-7105 

Dr. David Krinsley 
Dr. Bruce Jakosky 


Thermal Conductivity Measurements for Planetary Surfaces 

abstract 

bonding play the dominant role in controlUn| therS SSvbafS’ Md mter ' grain 

Spectrometer observations to characKrize manian surfacl pn^Ss Ermss.on 

b) New proposal 

,hCm,al o°" d nc.ivi,y 

SSS^S^^sSs3SSS 

=i«^siS~-ris 

Relevant Publications 

diSaibU,i0n and «*“ “ft *»*»« on 

sa rf&iSL'gg- m g »° ai « m «* **** ***** ag e. a „ d 

SjSf.’ p’m” \ 98 | 6 ’r < r n ?f t . hermal Properties of martian fines. Icarus. 66. 117-194 
sensing^ dat'a! ^ SZSS fi&g** d ™ «TS=£^-wi remote 

of sedimentar y nooks in 'he SEM 
S n ffe^n.v an a 7 R '°7 re f^' 1986 ’ todividual panicle and martian aeolian action • A review, 


c) 


d) 
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PROPOSAL SUMMARY 


PRINCIPAL INVESTIGATOR: 
(Names, Address, 
Telephone Number) 


Roeer 

N 

Clark 


USGS , 

MS 

964 Box 25046 DFC , Denver^ 

CO 80225 

(303) 

236 

-1332: -1335: FTS 776-1332i 

-1335 


CO- INVESTIGATORS: 
(Name Only) 

Quantitative 
TITLE : Spectroscopy 


None — 

Remote Sensing of Mineral Abundance Using Reflectance 


ABSTRACT- ( S inele - spaced , type within box below. Paragraphs numbered (a) 

through^(d) should iScludi: (.) brief of the overall objectives 

justification of the work; (b) brief statement of the progress 
accomplishments of the prior year, or "new proposal , (c) brief listi g 

what will be done this year, as well as how and why, and (d) summ > 
bibliography) : 


and 


f;«t^»e””°”r,rtru»,«ots, it will be poe.ib: £ 
under standing .*f tTllL ’S.' ‘caUleo N1MS ".ij “ 0 ^“” 

t r 

Mars ' Estimated scapolite abundances are very high (presumable in the dust) . 

newly developed model for the simultaneous solution of /"“mate p 
mixtures The entire Callisto spectrum is being modeled from 0.25 to *.5 ,inn 
The results explain the confusion in interpreting the amount of ice 

;r:i:::,- 1 *t;::s:,s: , .s ;r.;&:ss. r 

will be derived for geologicly important minerals to be used 

anfll d Se ciark RN RB. Singer, G.A. Swayze, and A. Tokunaga, 1989 
DiscoveJ of Glob^ly Distributed Scapolite on Ma^ Fourth nternational 

thC Calvin" w!^ ^Ind^lirk^R.N^" l^S^Modeling' the Reflectance Spectrum of 
Callisto 0.2-4. 2 urn, Bull. Am. Astron. Soc . , 20 p. 876. 
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PROPOSAL SUMMARY 


PRINCIPAL INVESTIGATOR: 
(Name, Address, 
Telephone Number) 


Gary D. Clow 


U.S.G.S., 345 Middlefield Rd 

MS-946 

Menlo Park, CA 94025 (415) 

329-5179 


CO INVESTIGATORS: Robert M. Haberle 

(Name Only) ‘ ~ — 


PROPOSAL TITLE: 


Ice Sublimation Rates at t he Surface 
of Mars ~ 


Abstract 


(a) Objective : Many geomorphic features on Mars have been explained in terms of processes 
involving water ice. The disposition of surface and near-surface ice is strongly influenced 

y su imation rates, but previous estimates of these rates are very uncertain. Our objec- 
tives are to: 1) achieve a better understanding of water-vapor transport mechanisms under 
Martian conditions, 2) develop simple parameterization for near-surface vapor transport 
speci ca ly for Mars, and 3) calculate sublimation rates for a range of conditions to help 
e ucidate the nature of the many putative ice-related features on the surface of Mars. The 
resu ts will have implications for the polar caps, glaciers, snowpacks, lakes, frozen ground 
the Mars water cycle, and atmospheric evolution. 

(b) P rogress : A near-surface, water-vapor transport model, based on modern boundary- 
layer theory, has been completed for Mars. The model can be used for a full range of surface 
textures, wind speeds, and atmospheric stabilities. The operating conditions for the self- 
buoyancy sublimation mechanism have been identified. Water-vapor transfer coefficients 
have been determined for Martian conditions, on the assumption of neutral atmospheric 


(c) Work Plan FY90 : Simple parameterizations for near-surface, water-vapor transport will 
be developed specifically for Mars. A full range of atmospheric pressures will be considered 
Parameterizations biased to account for local atmospheric stability cycles will be developed 
or e i mg Lander sites, the polar caps, and nonpolar snow/ice deposits. The ranee 
of values for a critical parameter, the friction velocity, will be established for various sites 

Sublimation rates from the north residual polar cap will be recalculated to assess its role in 
the current Martian water cycle. 

(d) Summary Bibliography : 

Clow G D and others, 1988. Climatological observations and predicted sublimation rates 
at Lake Hoare, Antarctica, J. Climate, 1, 715-728. 

Haberle R.M., and B.M. Jakosky. Sublimation and transport of water from the north 
residual cap on Mars, submitted to J. Geophya. Rea. March 1988. 
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PROPOSAL SUMMARY 


PRINCIPAL INVESTIGATOR: 
(Name, Address, 
Telephone Number) 

Co- INVESTIGATORS: 

(Name Only) 


Christopher D. Condit 


Dept, of Geology /Geography 

Univ. of Massachusetts 

Amherst. MA 01003 413-545-0^4 5 _ 


Title: GEOLOGIC MAPPING OF SOUTHWEST-CENTRAL MC-3 Q UADR AN GLE , MAR S 


ABSTRACT: (Single-spaced, type within box below^ Par ® erap ^ 

through (d) should include: (a) briet statement ot the overall obj...tives 

and justification of work; (b) brief statement of the progress and 

accomplishments of the prior year, or "new proposal; tLliarv § 

what will be done this year, as well as how and why, and id) summa . 

bibliography ) *• 


r eiui ts ti a v e teen 
ha 3 or findings 
that A i d a Patera is 


T. 1 ne objective of this proposal is to proouce a series of tnree l i 5u'J , vv'J-sca t e 
geologic naps of the southeastern area of Alba Patera (quadrangles MTH -'Pl'.’i. h > ■ ■ 

35107' M1K 40107), focusing on an evaluation of: the age relations within tne n.ba 

Patera lava flows and their relation to the grabens. and to surrounding units; the 
differences in geologic history between these flows; the structural history or t..«? 
laroe grabens associated with Alba Patera and their relation to the evolution or nib* 
Patera" and the regional tectonic history; any systematic relations between pit-era. B rs 
associated with some of the grabens of Tantalus Fossae, which may provioe i nr or mat i on 

on the mechanism of pit :or graben) formation. SEE NAGW-1L36 

b. SeoiociC map of MTM 35102 nas been completed and is i r. review; 

reported at the Lunar and Planetary Conference XX (Condit, 19 Sv,. 
include sue port for the hypothesis of Meuqinis-Mark et al . ■. 198o) 

transitional volcano from pyroclastic dominated older patere to the more recent now 
dominated volcanoes of the Tharsis Montes, and that no subsidence was evioent during 
the eruption of the youngest flows of the middle member of the wloa Patera Formation. 

In audition, two of the three oraben sets recognized appear to be of regional origin; 
concentric grabens are sugqested to be of local volcanotectomc origin; and pit 
craters and ' assoc i a t ed regional N30°E grabens are proposed to have eitner formed early 
in the deformations! history, or if later or on reactivated structures to be tne resu > 

of fractures much deeper than those of other two recognized qraben sets. 

c. Complete detailed geologic map of MTM 35107 (materials for this work have not been 
received) and c omp 1 et e" det ai 1 ed geologic map of MTM 40107 (thus proposal renewal) vO 
continue analysis of flow and tectonic history on southeast flank of ulna Pater.; 
synthesize and publish analysis for all three quadrangles; coerdinate detaiieo 
photocl i nometr i c work with other scientists on graben and qraben-pit formation based 
structural groups det ins in this study. 

d. Condit, C.D., (in review), Geologic map ot quadrangle 

Patera, Mars, (1:500,000): U.S. Geo-1 . Survey 

Condit, C . D . , (1999), Volcanotectomc patterns 

Patera: Proc. Lunar Planet. Sci. C o n f , 

Mouqinis-Mark P.J., Wilson, L., and Zimbelman, 
on Alba Patera. Mars: Bull. Volcano!, 


on the 
XX , p 
J.R. , 


65102, southeast Aioa 
Mi sc . Map . 

southeast flank of AiOc 
. 181 - 182 . 

(1998), Poly genetic eruptions 


19-37 
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PROPOSAL SUMMARY 


PRINCIPAL INVESTIGATOR: Joy A. Crisp 

Jet Propulsion Laboratory 
California Institute of Technology 
4800 Oak Grove Drive 
Pasadena, CA 91109 


CO -INVESTIGATOR: Stephen M. Baloga 

PROPOSAL TITLE: RHEOLOGY OF PLANETARY LAVA FLOWS 


ABSTRACT : 


A. Objectives The objectives are to investigate the effects of cooling and 

C T ^ i 2atl ° n ° n thS rhe ° logy and mor Phology of lava flows on Earth Mars 
and the Moon, and to determine the relationship between the crystallinUy of a 

solidified lava flow and the rheology of the flow during emplacement We are 
Una ^ le K CO Use ^eoretical models to predict the geomorphology of lava 

tiling ’ because of a lack of understanding regarding rates of crystalli- 

zation and degassing and their effects on rheology. Fundamental research on the 

crystallization and its effect on magma rheology is required 
to make new progress m the interpretation of lava flows. The results of the 
study of crystallinities of terrestrial flows and the combinations of theoretical 

como 1 T 1 ,, , C ° marCian and lunar lava flows to infer eruptive 

compositional and rheologic parameters. B. Accomplishments The development of 

a mathematical model for the cooling of lava flows with two thermal components 
Work- C m°M ° f ^ m ° del i° martian flows Co estimate eruption rate. C. Proposed 

1984^™ T Jf e XZe distribuCions and abundances in samples of the 

1984 Mauna Loa flow and infer crystallinity for the active flow, as a function 

of time and position in the flow (2) Use the crystal size distributions to 
stimate rates of crystal growth and nucleation, (3) Relate crystallinitv to 
viscosity and yield strength using the results of laboratory viscometry 

t£rJh me i n,:S ’ i Cal ^ late the importance of the various thermal processes on 

he rheology of lava flows, (5) Measure dimensions and thicknesses of leveed and 
sheet fi„„s on Mars and the Moon, and (6) Use the results of the orystalUnity 
and rheology studies and combine theoretical models for lava flow emplacement 
constrain eruptive and rheologic parameters for planetary lava flows 
D Summary bibliography: Baloga, S. and J. Crisp (1988) Simulations of lava 

p 27%9 n NA I SA ^7 W ° r i king Gr ° UP Meetin S : Volcanism on Mars, June, 1988 

p. 27-29. Crisp J. and S . Baloga (1989) Estimating eruption rates of planetary 
lava flows, submitted to 20th Proceedings LPSC. Crisp, J. and S. Baloga (1989^ 
mo e or lava flows with two thermal components, submitted to JGR. 
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PROPOSAL SUMMARY 


PRINICIPAL INVESTIGATOR: 
(Name, Address, 
Telephone Number ) 

Co-INVESTIGATORS: 

(Name Only) 


Jeffrey N. Cuzzi — - - — 

NASA Ames Research Center, M.S. 2 5~3 
Moffett Field. CA 9M0jb (U15) 

Richard H. Durlsen, Mark R . Showalter — 
H. Luke Pones 


Planetary Ring Studies 


PROPOSAL TITLE: 

ABSTRACT- (Type single-spaced below line. Lettered paragraphs 
OO^through <d) should include: a. brief statement of the 
overall objectives and justification of the work; b. bri 
Statement of the accompUshments of ^prror^ ^ as 

SSr» ^1 and d 8 one or two of your recent publi- 

cations relevant to the proposed work.) 

a) This research consists of integrated theoretical am uu~. 

vational studies of the dynamics, morphology, an^particle p 

tides away ? h e Jovian ring), we improved our 

balUstic evolution code, including * of 

sr.rnT.rr « TeT ^- A 

inner edges of the B and A g rinss of Saturn, 

abundance of material in an "t ransport, and contamination pro- 

c)Meteoroid bombardment, erosio , J . d op tical depth, 

cesses, and their dependence on ring particle size and opt P^ 

Will be studied further, including the effects Morl< i lu be 

leal projectile populations. Th ® structure will be studied with 

completed and written up, an lr 6 f uranus will be further 

^SSd: n Te Py wiJr h berd;ve“ e pmenrof a Viscous model of ring shep- 

STj^CussI and R.H. Durlsen <’ 989 ) Bombardment by 

meteoroids: General formation an Ballistic transport in plan- 

Icarus , submitted R.H. Durlsen et al (1989) Bal “ = ,L; J %. Theory , hum- 
x hup i-o narticle erosion mechanisms. 1. meo y f 

ssi"^s!^ h^ri^c^nrM^iorda.r n 

Icarus^ * impress : L.R. Doyle et al. (1989) Radiative transfer modeling 
of Saturn's B ring; Icarus, in press. 
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PROPOSAL SUMMARY 


PRINICIPAL INVESTIGATOR; 
(Name, Address, 

Telephone Number) 

Co- INVESTIGATORS: 

(Name Only) 

PROPOSAL TITLE: 


Jeffrey N. Cuzzi 

MSA Ames Research Center, M.S. — 

Moffett Field, CA 9403 b ( 41 5 ) _ 694^63113 

j^oelle C hampney, Anthony D obrovoi ,^i s 
Thomas J, Coakley * 

Bu!l ! le ~ ga3 DynamiCg l n the P r QtO Planetary 


ABSTRACT: (Type single-spaced below line rette^o* 

(a) through (d) should include: a brier^tatemenrof "the^ 3 ^ 3 
overall objectives and justification of the work b bMef 
statement of the accomplishments of the prior year or "new 
proposal;" c. brief listing of what win be do^Hhis vear „ 
well as how and why; and d. one or two of your recent Dubli 
cations relevant to the proposed work.) P U " 

th v° upri - 

b) S We h ha 3 » S f" , the early Stag6S ° f the Protoplanetapy^nebula 016 an<1 
b) We have implemented viscous transport in 1- and ?-n i-JTY 

models which determine the 3-D mean velocity nrnrfn 2 ° J phase 
particle and gas phases in the pr“opl^eSv^ebJl a °( ( ° ouple<1 
stresses produce an outward directed flow iM^K^ SC ° US 
tide layer, which itself drift* , f *° above the main par- 

a meter or so “ fafle^t! ^ than 

sufficient turbulence toprevent gr^ltL^ailLuMLtTr^ 3 
occurring. These results are fully self consistent Ql y m 
ermine the turbulent viscosity generated bv fif ^ tf sl ? oe we det “ 
as the particle layer evolve* , , 7 the raean veloci ty shear 

sically reasonable model for the diff usiorTcoeff id S J mp ]; e but phy “ 
as a function of their size and the i oefficient of particles 

(the "Schmidt number"). c ) We will nrf p ^ 0 P erties of the nebula 

two parametrlzations of viscosity. Our "zero4oSation« hl Vi* Pl ° re °“ r 

e «Lanv°4 " tw0 ~epuati on"model gi °Z usTr I jL* 

especially m dense particle lavpr? ..ywrvio 1 eauics 

lnstibillty. we will validate our vis^l^od^rby 0 ™"® gravltatIor ’ al 
known analytic solutions We win ..JJ! models by comparison with 

verify it with laboratory data L T SChmlat number " odel 

protoplanetary nebula durine thP h explore the evolution of the 

soopic to planetesimal^sizes g* “ fnfo^hg^ Srt ■ 4°” " l0r °- 
will investigate a range of notenfi^i non i glG partlcle size. We 

the shear and therefore the turbulence, d) c^rTS’ Tm" p( f90t 

protoplanetary nebula; Abstracts LPSC, XX Jart 1 th ® 

J.N. Cuzzi, and T.R. Coakley (1989). A turbulent twA u 6 7 1 Charapney * J-M. 
flows (in preparation) ’ turbule "t two-phase model for nebula 
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(Na=e, Address, 

Tslapdcr.e Kunier) 

C2-ISVZSTI5AIC2S : 
(Nare Cr.ly) 


DONALD R. DAVIS 


pla netary Science lasc-cuce — r=— rr TT q 

2030 1 • Soeecvnv Suase 201, .ucson, Ai. 


(602) 381-0332 .,„ (M 

Domiaioue Soaute and Scuart J. — el — — 


arc pc£ 


> - 


collisidnal disruption i n trs solar SYSTEM: 
as-iroid evolution and ^ 3 

A 2 STTACT: (Type sir.gle-spaced 

(a) (d) si-did : .:;-?‘-ricA7 6. iru: 

overall ==: arrives and „ i:r v ., r , or "r.av 

sna-.an.nr =d -•» ‘==f7?::!.~!rLa : "(VC. d= n. nhis year, as 

* :*, »--* V- V ; ari i- cne cr t-o c. / 

ve.- as ds^. a — «-•/' ~ . • , 

czzlct.s w3 — - - 


a) Goals : This program investigates t ^ e ^jHj S Jf n ^ e “oinsional*eTolntion of 

system? - Ve develop and apply numerical models on the sire and rotation distribution of 
asteroids. Ve apply observational constraint '™™ ai histories, and the 

asteroids, the number of u„ f orae d bv collisional disruption in order to 
frequency of asteroids ^°"Sracteristics arethe product of their collisional history 
understand which asteroid ch^acteristi s p out co iii,ional disruption 

Mperiment^in^order^to^ obtai^the' experimental data necessary to develop numerical 
algorithms for collisional outcomes. partially dispersed cores was 

b) Sprint Progress: 1 nev .^rihensive algorithm for asteroid spin changes due to 

developed, completing our orated into our numerical code and applied to 

collisions. This algorithm was iworporat i teroida> ¥ e also completed and 

study the simultaneous sl2 «^j! P i“ d ®T°lSch treats two interacting populations having 
tested a version of our numerical /“ orbit distributions . Ve prepared a manuscript 
different material P ro l> e ^**| ** / ** t 0 f collisions on asteroid rotation rates, 
describing this new model concerning asteroid traits related to collisional 

There were two additional publications winlllt a multi- year project on a book 

SilMio. (lias distribution ud '““Jj -libs ijo. War 

the il»«t lercor, “pariUS data a. tb. f?.g«.Utio. 

the eaperiaeatal pro S ra., ■« jadaead t»d „ fr.g~.ts fro. coll.lia.al 

SLSSSKJSSu? !* SS^V^fr 1 

sugwasafts fsBSrsjssrss ss.zjs ssl 

siae-spin model. Ve propose to develop a detaiien sigor« ^ Qar nMericl i 

sion rates as a function of e |f^ steroid belt, differential effects between the 

model to study coilisioum^ingin the asteroid^ ^ ^ re-0Ted through resonance 
inner and outer belt, and the ■*? « ^130 study traits of planetary crater 

mechanisms over solar system siae distribution and collisional processes. In 

B»sa 

*■ a”--*' 1 "* * itt “ 11 “ 8MS d “ i8 " ed td 

test aspects of our current scaling , e rodnced or contributed to 10 papers or 

d) Summary Bibliogr aphl- 1* renorts and made 3 oral presentations, 

manuscripts, 1 book, \ Joi^Collisional'aistoryrEffects on Siaes and Spins, 0.1. Davis, 

15^532; ix “*•>• - *'“• l » 

Icarus . 1989. 
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ORIGINAL PAGE 
OF POOR QUALI 


PROPOSAL SUMMARY 


PRINCIPAL INVESTIGATOR: 
(Name, Address, 
Telephone Number) 

CO- INVEST I GATORS: 

(Name Only) 

PROPOSAL TITLE: 


Philip A. Davis 


— SGS - 2255 N , Gemini Dr . . Fl ag.st nf f T7 
FTS 765-7201 (602) 527-7?m * ^ AZ - 


Kenneth L. Tanaka 


Jeffr ey B. Plescia 


Mars' Geo logy and Morphology 


through 


(d) should include: 5 ^ brief <l stateilent°of 1> the" Par deraphs numbered (a, „„ e „ 

justification of the „ork; b/hrieTstate»eht oTth ° bJe « lves 
year, or "new proposal ; ” c . brief listing of wh^t he ^ ompllshment s of the prior 

as how and why; and d. one or two oj your recent I thiS year ’ as 

proposed work.) y r recent Publications relevant to the 

(a) Objectives : Tha nhiorH,, — ■ " ~ 

photoclinometric-profile data for a varietS°of tect tD °f tain and to use 
estimate (1) from grabens. the thickness of L u'! f Gatures on Mars to 
extension and strain, and the variation of th aulted iayer, the amount of 
(2) from pit chains, mechanisms for t ?orm^™ Pa T^ erS Wlth Ume and space = 
formation, local regolith thickness, and g^aben Jormft relations between pit 
ridges, the amount of regional crustal shorter/ ^ ’ 3nd (3) from wri nkle 

factors are related to the localTeol^ic setU^.* and h ° W these 

(h) Accomplishm ents ♦ During tho a 

finished our morphometric examination of tectoni^ 55 ^ r0p °® al was funded - we have 
Syria and Sinai Plana. Detailed ^home^ feat -es « Lunae. 

corroborate a mechanical discontinuity at a depth of aho study strongly 

existence of two other discontinui tie s at 0 3 0 8 i a and su ^ est the 

completed a detailed photogeologic study of thl 3t 2 ' 3 km ' We have als ° 

Patera in preparation for our morphometric^ analys^sTL^ teCtoni ” 9t Alba 
obtained in excess of 350 profiles across th area ' We have aiso 

Amazonis Planitia, which indicate a total ^ nkle . rid £ es ^ Lunae Planum and 
Lunae Planum, and therefore a total r rtening a few kilometers across 

across Lunae Planum t0tal Compress ^nai strain between 0.2 and 0 5% 

(c) Wgrk Plan (FY90): Three tasks are identified Task i , , 

amount and timing of extension and the thickness of th / determine the 
Patera and possibly around Mareotis and Tempe Posqp. the * aalt ed layer around Alba 
relations of associated pit chains anS eroslona??^,, 2: t0 eXamine *"»tic 
Task 3: to define the magnitude and timing of recri ^ 6S ln these three areas. 

amount of strain around the northern Tha^sis re!f CraStal sh °rtening and the 
ridges. ern Jflarsis region as reflected in wrinkle 

(d) Recent Bj jjliographv’ v t , ^ 

of sFria Planum province of vlrl' J GeoC, u' 5 ' IS ,I988 ’ Te «»"‘o history 
P.A.. and Golobek. M.P. . Discontin uit^s V .s"" “ • 893-14 . 917 : Davis. 

Planetary Science XX 224-225: Rotto. S.L. and e Tan»lI l0 V M f rtlan CrUSt ’ Lunar m 
the Alba Patera-Ceraunlus Fossae region of Mars r K ^ L *’ Fauitin ^ history of 

926-927: Golombek. M.P.. Plescia i n . f and Pla netarv Science XX 

the formation of planetary wrinkle ridges d F J“ ank -^ ln ’ B - Faulting and folding in 
Golombek. M.P. . and Plescia Tb 9 " Sublu^ ^ 

rldges: P^gram and Abstracts 4t h Internatlonl?' r St / UCture of Martian wrinkle 

XntP ^ natlonaJ Conference on Mars 113 - 114 . 
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PROPOSAL SUMMARY SHEET ABSTRACT 

PRINCIPAL INVESTIGATOR: 

Dr. Rene A. De Hon 
Department of Geosciences 
Northeast Louisiana University 
M onroe LA 7 1209 
(318) 342-21 S3 

CO-INVESTIGATORS: None 


PROPOSAL TITLE: Martian Sedimentary Deposits 

ABSTRACT: 

A. OBJECTIVES: , r or studies in planetary 

g ..?o‘ S V P M^^ 

geomorphology and sedimentation. 

B. ACCOMPLISHMENTS: placed (1) on the erosional 

During the past year em ‘ , £ a5 ‘ 5 v ' , "7® on the occurrence of 

and sedimentary history of Maja K ave been presented at the lunar 

d *P U n e* a'r y ' S c U n i r‘c on te r e n c ^ , A n n u a 1 Meeting of Geological Society 
" America! 7nd the Fourth International Mars Conference. 


C ' The PI continues the tasks focused on (tl ^ osl ° n ^"the surface flow 
sedimentation by °< sedimentary deposits, <4, 

°J e cTanUms of release of subsurface water, and ») sedimentation in 

the northen plains of Mars. 

D. RECENT PUBLICATIONS OR PRESENTATIONS: 

De Hon R.A., tm, Martian Transverse Valleys: Geol. Soc. Amer. Mtg., 
Denver. 

•raaKawss 1 

Conf. XXf p.234-235. 

De Hon R.A., 1989, Martian lacustrine Plains: 4th Mars Conference. 
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PROPOSAL SUMMARY 


PRINCIPAL INVESTIGATOR: 
(Name, Address, 
Telephone Number) 

Co-INVESTIGATORS : 

(Name Only) 

PROPOSAL TITLE: 


-Dr . Stanley F. Dermott 


420 Space Sciences Bldg. 
Ithaca, NY 14853-6801 


Cornell University 

7b0/) 253-5895 


Prof. Philip D. Nicholson 


Dr. Peter C. Thomas 


"Dynamics of Satellites and Dust Particles’ 


ATTRACT; (Type smgle-spaced below line. Lettered paragraphs 
(a) through (d) should include: a. brief statement of the 
overall objectives and justification of the work; b. brief 
statement of the accomplishments of the prior year, or "new 
proposal;" c. brief listing of what will be done this year, as 
ell as how and why; and d. one or two of your recent publi- 
cations relevant to the proposed work. ) 

tellites. 2. To measure the shapes of satellites in nrHor 

strung 06 con ? train ^ s on their mean densities and internal 
structures; 3. To investigate the orbital evolution of 
particles in the solar system in order to define iL 
origin of the dust particles in the zodiacal clSuSa^S to 
account for the IRAS dust band observations. d 

resWfftFin'thro^^ secondary 

the maximum eceentiricity that the satellite had in th^past 13 
2. We have determined the shape of Tethvs. 3 we have past * 
written all the software needed to model the’lRAS dust bands. 

^d^^Hrl^acTrln^of 1 very V low^drag t rates 0 ^2 t ^Determine° th nC6S 
Zodiacal 

d . Bibliography: 


1 . 


2 . 


(1989) Sarnia' i C ; D * Murra Y a "d P.D. Nicholson. 
(1989 ). Secular perturbations of the Uranian satellite 

Theory and practice. Astron. Astrophys. (in press) 
Malhotra , R. and S.F. Dermott. (1989). The role of* 
secondary resonances in the orbital history of Miranda 
Icarus (to be submitted). y Miranda - 
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ppnPQRATi SUMMARY 


William B. Durham . 

Unive rsity ot Labtonna ^Lawrence Livermore 


UIIIVCI J v • • I II 

Nation al Laporatury, Livermore, ia 

(4ib j Tnmm 

Stephen H. Kirby 


Rheologies of planetary ices 


PRINCIPAL INVESTIGATOR: 

(Name, Address, 

Telephone Number) 

CO-INVESTIGATORS : 

(Name Only) 

PROPOSAL TITLE: 

ABSTRACT: ^ (Type 

overall^objectives aid justification of the -cr^ b^brief^ 
statement of the accomplishments of the prior y ^ as 

SSTT^ 6 ^. 1 ^ -oftwiof your recent publi- 
cations relevant to the proposed work.) 


(* Vovaeer images of the icy moons of Saturn and Uranus, showing tectonic activity as intense as on 

!he Gahlean satellites indicate that those moons contain material which has a softer rheology than * 

JS ce Cosmological considerations suggest that NH 3 is present in planet-w.de concentrations 
of pure H 2 0 ice ^smoiogica dsQ be present mainly as a clathrate. To aid in the 

rH H O under conditions of pressure and temperature that exist on and within the icy satell • 
an important phase in the interiors of the larger icy moons. 

rhl In the oast year we measured the rheological behavior of NH 3 -H 2 0 mixtures over a wide range of 
conditions to broadly constrain die behavior ot such mixtures ” f frl i'To 29% 

rSr™'dS “ TZZ m irctodtTvolume concennado ns ot 

S* „p to 56%, and presented the results at LPSC XX, We designed, consmctei and c^brated an 
SeraMy tor molding samples of methane cladnate unde, CH. gas preraures as htgh as 20 MPa, 

(c) The principal goal of the coming yea, will be to identify broad panerrn of ^ologic^ teha™rm 
,hl PH H O svstem in the manner of experiments during the past year in the NH 3 -H 2 0 system, we 
^ ptaTcompTmTnd publish the wo”k on dte NH,-H,0 system, pursuing manual and chemical 
analyL of deformed samples and doing a few deformation experiments as needed, finally, we plan 
design and order a 1.0-GPa pressure vessel, in order to measure the rheology o 1 

(d) W.B. Durham, S.H. Khby. H.C, Heard, L.A. Sum, and CO. Boro Warn, ice phases B 111. and V: 
Plastic deformation and phase relationships, J. Geophys. Res., 93, 10191-10208, 1988. b. H. y, 
w r^mam M L Beeman, H. C. Heard, and M. A. Daley, Inelastic properues of ice I„ at low tern- 

sis £ 

8tem Rheology of water-ammonia ice (abstract). Lunar Planet. Set. XIX, 285-286, 1988 w. a. 
ham, S. H. Kirby, L. A. Stem, and K. A. Ragaini, Brittle and ductile behavior of ice/rock mixture 

(abstract). Lunar Planet. Sci. XX, 254-255, 1989. 
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PROPOSAL SUMMARY 


PRINCIPAL INVESTIGATOR: 
(Name, Address, 
Telephone Number) 

Co-INVESTIGATORS : 

(Name Only) 

PROPOSAL TITLE: 


Wolfgang E. Elston 

Department of Geology, University of New Mex ico 

.Albuquerque, New Mexico 8713 1 “ 

(505)-277-5339 

David Twist 


Application of Volcanology to Lunar and 
Planetary Geology 


ufthSiah ( TX? e = in ?le : spaced below line. Lettered paragraphs 
(a) through (d). should include: a. brief statement of t-ho P 

overail objectives and justification of the wortf b? bSef 
statement of the accomplishments of the prior year or »'n^u 

£5?°^ o- brief listing of what wil/be doS this year as 
well as how and why; and d. one or two of your recent nuhi \ 
cations relevant to the proposed work.) 6nt publi- 


^utWf J } — ie f investigation of the 2.1 Ga Bushveld Complex, 

South Africa, to determine possible origin by multiple impact of a 
disintegrating comet or asteroid into a tectonically stable shallow 
marine basin. Bushveld Complex is the only proposed terrestrial impact 
structure comparable in size to a small lunar mare. Impact excavated a 
cavity beneath solidus isotherm of granite, generating Rooiberg Felsite 
y part al melting of the crust. Research is focused on Rooiberg 

(^300 060 r ff*i kn °™ ’ 10888 ° f slliceous volcanic-like rock on Earth 

Lf™ r , * 1 haS n ° known sou rces, grades into sedimentary 

sement rocks, and has unique textures indicative of superheating 

5!^° We lx y 5 Uenchlng a " d undercooling. (b) Accomp lishments of Prior 

iea^. U) Revisions of structure of Bushveld implex from new 

geological and geophysical data, interpretation of structure in terms of 
impact models; ( 2 ) petrographic studies of Rooiberg Felsite, tarS 

tes^r^ !^ adat ^°" s between them; (3) geochemical mixing models to 
test derivation of Rooiberg Felsite from sedimentary and crystalline 

C h US ? a \ r ° CkS ‘ (C) -- rQposed Research: ( 1 ) Petrography, mineralogy 

chemical composition and isotopic composition of Rooiberg Felsite in’ 
order to model its origin, cooling history, mode of eruption, transport 

Comnr Pl r e T ent ’ 3nd COol±ng hist °ry. ( 2 ) Structure of the Bushveld * 
Complex by integration of geological and geophysical data, including 

leid work to determine the nature of deformation of the pre-Bushveld 
basement and to establish a facies model for Rooiberg Felsite. 
(duplications - Published 1 paper, 2 abstracts. I„ press: 1 paper, 
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PROPOSAL SUMMARY 


A.W. England, Principal Investigator 
F.T. Ulaby, Co-investigator 
Radiation Laboratory 
Department of Electrical Engineering 
and Computer Science 
The University of Michigan 
Ann Arbor, MI 48109-2122 
Ph: (313)764-0500 


Title: 


THEORETICAL AND EXPERIMENTAL MODELS OF 
THE DIFFUSE RADAR BACKSCATTER FROM MARS 


ABSTRACT 

a) Our objective is to develop a theoretically and experimentally consistent explanation for the 
diffuse component of radar backscatter from Mars. The strength, variability, and 
wavelength independence of Mars’ diffuse backscatter are unique among our Moon and the 
terrestrial planets. This diffuse backscatter is generally attributed to wavelength-scale 
surface roughness and rock clasts within the Martian regolith. Through the combination of 
theory and experiment, we would bound the range of surface characteristics that could 
produce the observed diffuse backscatter, and, by geologic inference based upon Viking 
and other analyses, develop regional scattering models for Mars. 

b) This is a new proposal. 

c) During the first year, we would gather the existing radar backscatter data, develop 
computational models for backscatter and emission from random, scaling surfaces, an 
develop scaled analogs of Mars random surfaces. Both fine-scale roughness and rock 
clasts contribute to the diffuse backscatter. Our initial focus is upon the contribution of the 
fine-scale roughness because it constitutes a background for the overall, dittuse 
backscatter. The combination of theoretical and experimental modeling serves to reduce the 
uncertainty that is inherent with any modeling approximation. 


d) Relevant publications: 

England, A.W., "Characterization of Rough Surfaces," Prpc. of Workshop on Ground Probing 
Radar. May 24-26, 1988, Ottawa, Canada, in press. 

England, A.W. and G.R. Johnson, "Spectral Gradient of Lunar Radiobrightness-Heat Flow or 
Volume Scattering?" J. Res. U .S.G.S.. Vol. 6, pp. 505-509. 


Ulaby, F.T., R.K. Moore and A.K. Fung, "An Introduction to Random Surface Scattering and 
y emission," Migrowave Remote Sensing- Active and Passive, Vol. II, Addison-Wesley, pp. 


922-1033. 
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PROPOSAL SUMMARY 


PRINCIPAL INVESTIGATOR: Von R. Eshleman, Professor 

Center for Radar Astronomy 
Stanford University 
Stanford, CA 94305-4055 

TITLE: Theoretical Studies of the Radar Properties of the Icy Galilean Moons of Jupiter 

ABSTRACT: (a) We propose to continue research into the explanation for the anomalous 

properties of radar echoes from the three icy Galilean moons of Jupiter - Europa, Ganymede, 
and Call sto. These are the brightest known solid objects in the solar system in terms of radar 
albedo. An understanding of their radar properties is needed in order to develop a deeper 
understanding of the geophysical characteristics of the surfaces of these moons as well as other 
less well studied icy bodies in the outer solar system, and for the design of radar mapping 
missions to these bodies. 

(b) In the past year we have refined the relationships between previously 
obtained non-coherent radar data and the buried-crater model that we first introduced in 1 986 
A good fit to the gross features in the data is achieved using very simple assumptions regarding 
the model parameters. However, the computations that are needed for this comparison are quite 
involved. Coherent radar data have been obtained for the first time under NSF funding for our 
participation in the 1987 and particularly the November-December 1988 campaign at the 
Arecibo Observatory. In anticipation of the use of these new data in our NASA studies, we have 
initiated and progressed in the development of the general relationships amongst: (1) the four 
Stokes parameters needed to completely characterize the instantaneous and average returns; 

(2) the measured coherent voltages for orthogonal circular and orthogonal linear polarizations 
of the echoes; and (3) the characteristics and predictions of the buried-crater model. We have 
also progressed in the ongoing effort to relate radar properties to physical descriptions of the 
surfaces, and in consideration of possible modified or new models for explaining the measured 
results. 


(c) During the next year we propose to complete the reduction and initiate the 
interpretation of the November-December 1988 coherent data in the context of the Stokes 
parameters and their model implications. A more complete computer solution of the predicted 
degree of polarization will be developed'for comparison with the measurements. Additional 
model fitting will be conducted using statistical variations in parameters such as cratering 
density, refractive index ratio, and surface roughness. The theory will be expanded to include 
predictions for bistatic radar measurements such as may be possible in a preliminary way with 
the Galileo orbiter. We are proposing to NSF that we participate in the December 1 989 
campaign at Arecibo, primarily because the 1988 data were limited to half-power by 
power-supply problems and because our data studies thus far indicate that more emphasis 
should be placed on linearly-polarized measurements. We note that new radar data obtained by 
others for the summer south polar cap of Mars display anomalous characteristics akin to those 
of the icy Galilean moons. This suggests possible common properties of planetary surfaces of 
CO 2 ice and H 2 O ice, and this merits further study. 

(d) The appendices include abstracts of our two icy-moon papers presented at 
the 1 988 DPS meeting, the final draft of our paper on this subject to be published by Pergamon 
Press in the Outer Planets section of the proceedings of the 1988 COSPAR conference and a 
preprint of our paper on the atmosphere of Pluto. This last item is included because of a 
possible connection of the radar evidence with the conditions of vapor-pressure equilibrium 
that may be shared by the Mars polar caps, by Pluto, and by the icy Galilean moons. 
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PROPOSAL SUMMARY 


p I Larry W. Esposito 
LASP CB 392 
University of Colorado 
Boulder, CO 80309-0392 


Title: Dynamics of outer planet rings 


ABSTRACT: 

a. » Voyager occulta, ions provide Se wavS of 

obse^^on^ra^ige from ^ rn °W 1 e p o se to study and inter-compare these da, a and 

devetop theoretical models for particle size and pamcle transport. 

b. Particle sizes in Saturn's ringa Wujtave 'to 

XlT E&SSSZ am^gte rings in* dus, con.en, and the 

creation of small particles at density wave locations. 

Numerical simulation of multiple "xhe l^ge^panidera^^mes more 

massif These ^u^rtirion^esuhs 

[°Tsll™ ring. Twi papers accepted for publication in 

Icarus . 

c. We will use the Voyager occuta, ion d a ta to d 

and its vananon in Satums ^"^^^.axisymmetric perturbations in our Markov process 
SS55& ”cfe dy” and apply it to explain sharp nng edges observed tn Saturn and 

Uranus rings. 

These results have implications for the structure and longterm evolution of planetary nngs. 

d. Summary bibliography (CY88): 3 papers published or in press; 8 abstracts. 


37 



PROPOSAL SUMMARY 


PRINCIPAL INVESTIGATOR: 
(Name, Address, 
Telephone Number) 

Co-INVESTIGATORS : 

(Name Only) 

PROPOSAL TITLE: 


Fraser P. Fannie 


P la net a ry Geosc i ences niv.. flaaall T — of G eophysics 
252<? Correa F H . f Hon.. HT 9 6822 


(808) 

None 


948-6488 


-Vo^til es in Planetary Regoliths., NAGW 138 


k ( TXF 6 single-spaced below line. Lettered paragraphs 
(a) through (d) should include: a. brief statement of the P 
overall objectives and Justification of the wlrkfb? brilf 
statement of the accomplishments of the prior year or "new 
proposal;" c. brief listing of what will be done ?his yeSr as 
well as how and why; and d. one or two of your recent publi- 
cations relevant to the proposed work.) ^ 


Out objective* are to investigate the evolution of volatile system* on planetary bodies and" 
the interaction of volatiles with planetary surfaces. p«n«ary ooaies and 

(b) We completed a paper entitled 'The Water Regime of Asteroid Ceres*. A model was 
eveloped to compute temperatures, H20 fluxes and ice depths as a function of latitude and time as 

escaDe 7^ T" *”*. ** ,ubsurface “ d water loss rates due to thermal 

T I?' P h ° tod “ 8 ° clatlon “ d *Puttermg. We found that ke could have survived to the present at 
depths of 10 to 50 m at the equator and at depths of 1 to 10 m at 50 L. The current subsurface sud 
Ply rate was found to be between 30 to 240 g/s. Thermal escape of water ha. preve^Ld t^oIuS 

cldd y 81gn J^ allt ? 1< ^? here ’ and our re8ult « indicate that no ke at the average albedo of Ceres 
could exist below 80 L. This paper has been accepted by karus. 

Cere. wL'T^ * pap ^ DtHled ’ Th ° of *<>m Phobos'. A variation of the model for 
Ceres was used to compute temperatures, H20 fluxes and ke depths as a function of latitude 

=* **- •- Ph “'»* ■ - w*. •£ • 

, , ^ ^ 8/tm2-s, and that ice has survived to the present at the equator at depths of 6 to 2 8 

km. d.p«dm, « «b. porouty and poro «iM of Pkoboa. Th» paper .ill .1 be pubt hod t o R L 

(c) We will use our previous wort (Fanale and Salvail 1987) to investigate the role of CO in 
comet activity and in the chemical differentiation of the nucleus. Since our original work in this area 
several observation, have indkated that CO is more prevalent than C02 inTmet nuclri ^d"h£ 

co iff “ i r“ ric w * *“ ««*-£Zi5S Z 

l th d0P * h d F° “ * Action of heliocentric distance. The stability of the surface 

ayer of H20 Ke as well as the possible emission of H20 ke grains will be considered. * 

modol'IVh? T™ “ 4 «*“ d •» “vestigation of the water regime of Phobos. Our original 
1 will be refined by including the effects of a time varying obliquity and solar luminosity The 

COmptttatk r ° f * water fluxes and ke depths due to thTfSlm ^ 

will betlfldJirr^rf 11 ^ 40 , th f ? rwent « d “ Panale al. (1986). The effects of topography 
wifl bs considered by perfornung calculations for point, inside a crater, which may experience hkher 

J3* “ gUa “ d **"*■• * ** -ater walls. Result, will be obtained for two uS wTr E£ 
bution scenarios and three values for the initial endowment of water ke. 

We will calculate the gas and dust output for the orbits of two comets, Kopff and Wild 2 
which are the most likely candidate, for the CRAF mimion. Our existing pro^will be H to 

«" " d d ”“ <*— «>. orbit, of th« oont.t.for tb.Tnt™ 

* *P* c ^** d “mpoulion. R— ik. .ill bo obtain.d for various 
^pl!tT^ “* d “*‘ ,U1 ' “ d “ d wiU *» "Uud to po„ibi. fo,„ r . observations 

(d) Fanale et aL (1986); Fanale and Salvail (1987). (see reference list) 
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pftflPQSMi ftUMMARK 


Fraser P. Fan ale — 

Plan etary Geos ciences Div 
— - — -» 7 S / 


Hawaii Inst, oi Geophysic ^ 
Planetary ~~ j / , _ _ "HT — " UT QAfl?? 

nn -iversltv o f Hawaii, ^525 Correa 

- , TT^TToo 


iis^rr: hi 96822 


(808) 948-6488 
None 


Vnl atiiles on Outer Planetary Satellites , NAGW 633 


PRINCIPAL INVESTIGATOR: 

(Name, Address, 

Telephone Number) 

Co-INVESTIGATORS : 

(Name Only) 

PROPOSAL TITLE: 

abstract: <^-^"?^r n ?ruf.- b :^«ur 3 t^r/r 0 rsr phs 

(a) through (d) should tion Q f the work; b. brief 

overall objectives and the prior year, or "new 

statement of the acc »p jfj hat wU1 be done this year,_as 

S^r^ how anS iJy: and i. •» «“> “' ^our recent putlr 
cations relevant to the proposed work.) 


„ 0„ e » *• — - - *• •— — ' - ^ ' k * ““ Pl “' W 

ml conductivity, 8*d /« "C l ^ *. S „fficic.tlr “W»“ tk ». to <h< 

effect is greatly mitigated by wlume centimeter* below the surface. We have also begun our develop 

melting point of water ice can be achieved * f « ' devebping a numerical model for SO, sublimation and 

mcnt of a hemispherical cold trap model for Io. der a variety of atmospheric regimes* Our uu- 

depoeition on Io to mitigate the * ^J^kient than regional cold trap, of high albedo surface 

tial results indicate that surface cold trap, are more 

material. . , r . n(ln , tiv it v and annlight extinction were constant 

(c) In our original 'ice greenhouse' model, we ^ medium. We will use the method of 

quantities, whereas in reality the* tLe^d use this information to better constrain our 

rn,rV .t aL ( 1983 ) to calculate the growth of ice giams over . 

model We will also take into account impact stirring o t « re *° ’ ^ tJw re>ulu sufficiently important, 

Our model of the 'solid state greenhouse ***** c0 )J a ^ate wit^Matson and Brown to test the model. We wHl 
to require experimental verification. We P 10 *** lucceM to check the theory of vapor diffusion through a 

utilise an apparatus we have i«ed in ^*. P “‘. ^ dati for temperature, and nun fluxes for vinous coudi- 

surzsrJiS - ,** — — - * •— - 

exceeding 90 %, and is believed to have a , " rf * c * w by any conventional thermal model. We 

faced, which require, a source °f he- whic^ ^ ^£ tional keiti ng. W. will w our model to compute near 

believe the "ice greenhotue conductivity and sunlight extinction coefficients, 

surface temperature® for a variety j modeli we will reexamine the question 

a, . b „. *. 

of whether the meltmg point of Europa aus on residual liquid. 

position of any salts which might be pre^nt, and he effect, they ■”** ^ ^ atmosphere of Mars: 

(d| hd, F.P. ci A (1982). M 1“X‘ “l02U.lom. Z.M. A.P. *>d F.P. Fend. (1981). Tkcr. 
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original page is 

OF POOR QUALITY 



PROPOSAL SUMMARY SHEET— ABSTRACT 


PRINCIPAL INVESTIGATOR: 

Dr. Jonathan Fink 
Department of Geology 
Arizona State University 
Tempe, Arizona 85287 
(602) 965-3195 


PROPOSAL ^TLE a Dc,e™„,„g How Composition from Morphology 


ABSTRACT: 


a. 


b. 


c. 


D defe C L? n aTionoftva flUw rheolog, structuraI cnteria for the remote 

draamkf and^morpholomc %“* f0r sim . ulatin ? th «™al, 

nows with no crust, to Hows with lev«T sirfa?e fote n /t I “ 0rpholo * ies fr °m 
dependmg on the relative rates of crust , fractures > and pillows, 

analysis of the convective cooling^ v^ns fln- SwW 3 ) Com Pleted an 

profiles of apparent yield strength for flows on OhfmrV C !i C * lated longitudinal 
Measured thermal infra-red spectra ? Iym P us and Ascraeus Mens. (5) 

samples to determine the spectral effects of rhun rhyolite and dacite lava 

(6) Mapped and s i hca c0^te ' 1, vesicularity. 

ssastsr - 

E SfS : ra,e hfcS of d h eS , i « ned 10 *™luale 'he 

calculate the rate of formation of cooled morphology. (2) Analytically 

martian conditions, in order to predict mnmhnl^ erupted under venusian and 
volcanic constructs which may be observed in^ilh r? c , d ? aractenstlcs of flows and 
and Mars Observer missions. (3) Estimate tonnprfnh- eSO u *!. on lma 8 es from Magellan 
by assuming that the rheologic profiles ° f "^f 11 vol “ noes 

tags a szasts. 

S3"”*" Tl “ 1 ™».| ISBBS.'SgSJSlss 

Su mmary Bibliography : 1 book edited, 4 papers, 11 abstracts, 7 talks. 
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PROPOSAL SUMMARY SHEET- ABSTRACT 


PRINCIPAL INVESTIGATOR: 

Dr. Jonathan Fink 
Department of Geology 
Arizona State University 
Tempe, Arizona 85287 
(602) 965-3195 


PROPOSAL TITLE: Rheology and Composition of Martian Mass Movement Depo 


ABSTRACT: 


a. 


b. 


L KAL 1 : 

Objective : To develop strudural M“iSfa?fbe”eX“e 

«■* fretted terrain, and aureole depo- 

sitsTround Olympus Mons and Arsia Mons. 

Progress: 0) Mapped spacings of surfac ® ^fnSgmode^and concluded 
tke Olympus Mons Ameole gg^S^S^th acoustic fluidiza- 
that ratios of ridge spacing to deposit thickness ^ extreme , y long mn0 ut distances. 

tion model of Melosh, which m y ■ n tc that the mobility of wet debris is 

2) Found through 139 la f ^ory experim ^ ^ d 

reduced by the presence of :lay deposits attributed to lahars may 

previously. Tins result implies incorporated much regolith material, or 

have had a different origin, o y areas (3) Continued analytical modeling 

incorporating basal fnc_ 

tion and purely plastic rheology. 

Emmsd work : (1) Continue ,o 

now P rockfaTTavalanche, Mg' d ieb™ « ' depoTrheologies. ( 2 ) Apply 
larly spaced structures and those md _ , ^ ced structures on martian deposits, 

available fluid instability analyses e ?i m inatFon of selected terrestrial deposits to 
(3) Perform photogeologic and fl ® ld examina „i vses more appropriate to the 

help calibrate analytical models. (4) Co P.d ac ? • depos its (5) Continue labora- 
mapped and inferred wider rang e of particle size distributions. 

(ti^Inte^re^heologyf emplacemenfstylesfand compositions for martian depostts. 

c„mtnt,rv Bibliography : 2 abstracts; 1 thesis; 2 talks; 2 papers in prep. 
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PROPOSAL SUMMARY 


PRINCIPAL INVESTIGATOR: 


CO-INVESTIGATOR : 


Dr. Richard G. French 
Department of Astronomy 
Whitin Observatory 
Wellesley College 
Wellesley, MA 02181 
(617) 235-0320 (x3747) 
rfrench@kepler . wellesley . edu 

Dr. Mark Showalter 


PROPOSAL TITLE: 
ABSTRACT : 


B ynam i nf) stnici-m-e of pian 0t : arv R ^ nrrg 


systlf ’^ified; 1 ' ft Analyses e£feCtS in Uranus rin 9 

vations of U1052; 3) Comparisonofloyag™ an^TarthV 0 " 
servations of Uranus upper stratosphere Earth-based ob- 

^ Wgrk : 1) Identify weak dynamical effpri-s • 

ring system using improved orbit mode*! ?\ L ff . in Uranus 
of mechanisms to account for ' 2 ° bservatl onal tests 

for faint rings anS ring arcs in S US ri " g W±dths; 3 > Search 

ages and stellar occupation observations 4 )“ oPse^ 5 ® 1 im “ 
occultation of SAO ifi 70 =;c; k„ UOBiVdl - lon s f 4) Observations of 

occultations; 5, tavestigft^n of iT'f and ° f Dranus ring 

the 8 and £ rings from Mt ptlomar , f . ea . t . ures and structure of 
6) Detailed inversion of Earth h=. occultation observations; and 
Uranus upper stratosphere usino i nf Occu ! tation observations of 
ager solar and stellfr occ'ultations. atlon obtained from Voy- 

i d) Bibl i ography : French et al "Uranian . . 

from Earth-Based and Voyager Occultation P. Rlng 0rblts 
Icarus J_2.r 349-378; Baron and French "The ° baa f-;ations" ( !988 ) . 
at the 1 Microbar Level" (1989) Icarus °^; atenesa of Uranus 
Nicholson, Porco, and Marouf "Dvna m P/ press) ; French, 

Uranian Rings” (1989) A chanter Tn n 3nd Structure of the 
Press). K A Chapter m Uranus (U. of Arizona 
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ppnpnsAI, SUMMARY 


PRINCIPAL INVESTIGATOR: 
(Name, Address, 
Telephone Number) 

Co-INVESTIGATORS : 

(Name Only) 


Herbert Frey 

301-Zbt>-b4bti 


PROPOSAL 

ABSTRACT: (Type si " g ^rShoSld U lnclude° >! a be b?ief statement of 

numbered (a) through (d) tion of the work; b. brief 

the overall objectives ts of the prior year, or ’new 

if b you°r ne re?ei? 5,63 ' 

tbe°proposed vo rt ., 

(h UrcomplisKments: Com pleted * tudy^ ^ thic kness of materials assoc 

rte73TSI^e n pian U p 9 A9e ^ r.- 

Msr-’tS 

previously thought, though ' consis ridged olains to be essentially the 
thp aae of apparently Noachian-age r 9 • • the Elysium-Amazoms 

sameas °for ESnae o? oldest age of 

knobby terrain area and con ™ d d terrain to the south, 
knobby terrain like that of crater production curves. Complete 

(clThis year: Examine effect of study additional cases of 

technique. Investigate significance extende d abstracts, 1 paoer 

«aws.!, SMS'S.” i». 



PROPOSAL SUMMARY 


PRINCIPAL INVESTIGATOR: 
(Name, Address, 
Telephone Number) 


Michael J. Gaffey, Geology Dept., West Ha ll 
Renssel aer Polytechnic Ins t., Trov. NY 121 ft! 
(518) 276-6300 


Co-INVESTIGATORS : 
(Name Only) 

PROPOSAL TITLE: 


Meteorite Spectroscopy and Characterization 
of Asteroid Surface Materials 


propcsai;. c. brief listing of what willte lone tois yea? as 
ell as how and why; and d. one or two of your recent Lhi I 
cations relevant to the proposed work?) Y re <=ent publi- 

a. O b j ective s: The goal of this work is an imp roved understanding of ThZ 

t? h , e a e =^tiX *" *™'« 

JL. 

and laboratory spectral studies of meteorites to develop inte^p?etive SPeCtra ’ 
calibrations and methodologies. P interpretive 

£ sjie s r ey r p ° rph ^ 

melting has a linear decrease from 100% at 1.8AU to 0% at 3 catt. u . . . 
current review of asteroid surface .Aerial “' d " rlUen a 

implications, and 4) Showed that a variety of phyllosilicate features 
present in the spectra of certain low-albedo asteroids *" 

° ; “ e ifeTiX? srisSrisi'SiSS?; ,349) 

5 lilulll L 'anfo S Sfrrs e [r?STin a e”r d al therMl d 

mineralogy. Laboratory studies will include: spectral effort* + 

and aqueous alteration of carbonaceous chondrUes; and the spectral ;a "° rP ‘ US " 

absorption features seen in CM2 carbonaceous chondrites andt^wS^" 
lectance spectra of primitive asteroids. Lunar Planet. Pei yy 1/56-1157. 
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proposa l summary 


principal investigator: 
(Name, Address, 
Telephone Number) 

CO-INVESTIGATORS : 

(Name Only) 


Robert W . Gaskell (tel. 818 354 
"pr Propulsion Laboratory^ M. S . 
. „ ~ ~ ^ — DriVP . P 3 S 3( 


Jet Propulsi o n m 

A«nO Oak Prove Priv e T Pasadena^ 


S. P. Synnott 


Satellite Shape a nd Topography 


PROPOSAL TITLE : 

ABSTRACT: (Type = . b ^°b r ief S st5S emen^of the ? 

(a) through (d) should J tifi ’ tion Q f the work; b. brief 

IT- . your p— 

cations relevant to the proposed worlc.) 

w W e shall find the shape and topography of 

fCaskell 1988) have already yielded useful 8 . . havinir an iron core about 800 km in ra I 

hydrostaticequilibrium and that it is “E 08 '*" 1 * *' ,88 *“ ““ “V" 2 

We have developed a physical model for Voyag ^ & different iated lithosphere (Ross, et al., 1989). 

FCaskell 1989). Further work on Io suggest^ tha y f contro i point locations in image space and the 

(c) ( ?ht nation relies on the precise digital ^^ Z^tLnce frame. We shall include digitally 
( use of stereographic techniques to locate these and a check of our landmark techniques. 

•» " uh suffic,en ‘ stCT “ eraph,c ” ve,ase 
^Gaskell, R W : Digital identification^f^c^rtogmphK^ntrd pom 

Gask.fl, kW : Synnott, S.P.; McEw« AA; ^ ‘ 5 - 581 ' 5M ' 1988 

J ^ n ™ J1W59 ' 1989; 

Photogrammetric Engining and _ R .mo.< structure of Io 
Ross, M.N.; Schubert G, Spohn. T -f =“» “Xi.«d to Icarus, 1989. 
and the Global Distribution of its Topograpny. 
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PRINCIPAL INVESTIGATOR: 
(Name, Address, 
Telephone Number) 


CO-INVESTIGATORS : 


TITLE: 


PROPOSAL SUMMARY 
Jay D. Goguen 

pf=L° alC Grove Dr ive, MS 183-501 
Pasadena, California 91109 

(818) 354-8748, (FTS) 792-8748 
None. 

A 'Dense Atmosphere' Model for 
Scattering from Planetary Regoliths 


(a) through ( (d" 9 should C inilSu>? "(aj^brief stat“’ ?* ragra P hs numbered 
objectives and justification of tile »S ,m’k f o£ the ° va «n 
progress and accomplishments of the prior rief statement of the 

brief listing of what will be done this JL y ' ° r new Proposal”; ( C ) 
and (d) summary bibliography): year as wel1 as bow and why- 

interpretation of T spectrophotometry d bi-dir th ® ^“^itative 
polarimetry of planetary regoliths^in terms ^ 1 *? 31 refle< ?tance, and 
size distribution of the reaolith n»rH i ^ the composition and 
scattering in regoliths will also enfhi'o 163 * A better model for light 
surface temperatures, the ver?ical a * c ? rate calculation of 

solid-state greenhouse models, and exposuri°?i™ f h J at lm P ortant to 
spacecraft observations. exposure times for planning future 

B. PROGRESS: New proposal. 

H U-Tf t D h™“ : to F suney e tSe 9 phLe n f“ctIon 9 e f° ’ 3 t0 5 "™ters: 
partlcles °f various compositions for ni an of f ° r S1Ze distr ibutions 
the doubling method to rigorously cllluLtl regolith s- 2 ) Use 
optically thick layer of these oart?o ^« I multiple scattering in an 
atmosphere' model for reao-m-h £SfJi Cl * S to generate a 'dense 
the independent scattering approximatio^im/int*^ 5*° breakdow n of 
for a range of particle albtedos and sizes hf lnter Particle shadowing 
atmosphere' models with measurements^ ' dense 

of known sizes and compositions 4 ) Sff™? °^ aainples of spheres 
distributions and compositions Det&rmxi } e Particle size 

photometry and polariLtry of planetaSJ With e ? istin g 

Europa, the Moon) . 5) Use the 'denise^t ^ 0 ^ 1 ^ 3 ( e -9» Titania, 

wavelengths lacking photometr^ and ™ i at ? os P here ’ model evaluated at 
photometric and polarimetric^haracterS? 6 ^ £redict; observable 
the model and refine our 

Photometry^of ^itani^^oberon^and ^riton^T 41 ' (1989) ' V - £il ‘“ 

Veverka , J. et al fuaiii d!^ V ton Icarus 77, 239-247.; 

Mercury (M. Mathews, ed.),' ^ A?ie^ ° f Mercur Y/ in 

Goguen, J. D. , and W. M. S inton mqSJ» P ' Tucson, pp. 37-58; 

Volcanic Activity bv Infrared d«i ‘ 19 ? 5 ch aracterization of lo's 
J- D- et al (ISSSl'^o Lt spote ^Tph^oS^^' 65 ‘ 69! G °^n. 

Occultations, lean.. 76, 465 ? 484 .' Photometry of Satellite 
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PROPOSAL SUMMARY 


Principal Investigator: Matthew P. Golombek 

Jet Propulsion Laboratory 

Mail Stop 183-501 

4800 Oak Grove Drive 

Pasadena, CA 91109 

(818) 354-3883 (FTS) 792-3883 


Title: TECTONICS OF PLANETARY STRUCTURES 


a. Objectives: Develop models for the geometry, kinematics, and dynamics of planetary ^ctural 
features Estimate the lithospheric deformation and regional or planetary tectonic strain (expansio 
or contraction) from kinematic models. Use the characteristics and geometry of sutural fcatmes 
as a clue to: 1) the mechanical behavior of shallow planetary crusts, 2) the lithospheric strength an 
failure characteristics at the time of their formation, and 3) early thermal profiles. 

h Progress: 1) Completed paper on the relative importance of faulting and folding in theformation 
of planetary wrinkle ridges. 2) Completed paper on subsurface structure and Aer^ ^dients on 
Europa from lithosphere deformation models of observed tension cracks. 3) Published study of 
spectrophotometric measurements to understand the geologic evolution of Europa. 

r. Pronosed Work: 1) Collect photoclinometric data of wrinkle ridges on Mercury and Mars, and 
further develop kinematic models that include the subsurface structure and tectonic shortening 
across them to better constrain lithospheric deformation on planetary surfaces. 2) Reev^uate the 
geometry of the causative stress field around Tharsis, compare detailed structural mapping results 
with revised lithospheric deformation models for Tharsis, and evaluate the subsurface structure o 
grabens and pits around Alba Patera, based on their width, depth, size, spacing, and 1 e y 
mechanical models. 3) Measure the brittle lithosphere thickness from simple grabens on Io to 
estimate heat flow in non hot spot countfy rock. 4) Map the sequence of groove formation around 
undeformed blocks of cratered terrain on Ganymede to assess any stnke-slip displacements. 

d. Summary Bibliography; Buratti, B„ and Golombek, M., 1988 8 p ' ^ 

spectrophotometric measurements of Europa: Icarus, v. 75, p. 437-449. Golombek, M. P., 
Pksciafj. B., and Franklin, B. J., in review. Faulting and folding m the formation of planetary 
wrinkle ridges: Journal of Geophysical Research, January 1989. Golombek, M. P., and Banerdt, 
W. B., in review. Constraints on the subsurface structure of Europa: Icarus, January 1989. 
Golombek M. 1989, A review of extensional tectonic features on Mars (expanded abstract). 
Abstracts for MEVTV Workshop, Tectonic Features on Mars , Lunar and Planetary Institute, in 
press. Golombek, M., Suppe, J., Narr, W., Plescia, J., and Banerdt, B., 1989, Involvement of 
the lithosphere in the formation of wrinkle ridges on Mars (expanded abstract). Abstracts for 
MEVTV Workshop, Tectonic Features on Mars, Lunar and Planetary Institute, in press. 
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PROPOSAL SUMMARY 


PRINCIPAL 

INVESTIGATOR: James L. Gooding 

SN2 1/Planetary Science Branch 
NASA Lyndon B. Johnson Space Center 
Houston, Texas 77058 
FTS 525-5126 / (713) 483-5126 


TITLE: Thermodynamics and Kinetics of 

Planetary Volatile/Regolith Interactions 

ABSTRACT: 

a. Objectives. Quantitatively assess regolith interactions with volatile compounds as geologic processes on 
Mars, comets, and other low-temperature planetary bodies. Use differential scanning calorimetry (DSC) and 
evolved gas analysis (EGA) to measure phase stabilities and reaction rates for interactions of water and other 
volatiles with candidate regolith materials. 

b. Progress in FY1989. (1) Experimentally determined that vacuum-weathered sulfur (prepared and proposed 
as analog material for Io by D. B. Nash) possesses an unusual phase composition. DSC data confirmed 
inferences previously made (by Nash) by visible and near-infrared spectrophotometry. Results included 
measured temperatures and enthalpies of phase changes in vacuum-weathered sulfur as evidence for its 
existence in highly polymerized form. (2) Served as lead author for the chapter on "Physical and chemical 
weathering" to appear in the book, MARS (H. H. Kieffer, B. M. Jakosky, and C. W. Snyder, Eds.), to be 
published by the University of Arizona Press. Co-authors were R. E. Arvidson and M. Yu. Zolotov. 

c. Proposed Work for FY1990. (1) Determine stability ranges for water-substrate complexes formed by 
interaction of water with selected geologic substrates at low temperatures (100-300° K). Based on phenomena 
previously observed by DSC during freeze-thaw cycling of soils, palagonite tuff, palagonitic soil, and smectite 
substrates will be used to simulate complexation under Martian conditions. Carbonaceous chondrites will be 
used to simulate complexation under conditions that might apply to the Martian moons (Phobos and Deimos) 
or cometary nuclei. Results will identify proportions of water inventories that might be sequestered in forms 
with thermal stabilities intermediate betWeen those of ice and structural or adsorbed water in hydrated 
minerals. (2) Determine stability of hydrogen peroxide, H,0 2 , with respect to catalytic decomposition or 
chemical reaction while in contact with Mars-analog materials, including palagonite- and smectite-bearing 
materials, sulfate and chloride salts. Emphasis will not be on formation of FLO, but on the kinetics of its 
decomposition under Martian conditions. Results will help constrain the survivability of H O as a major 
oxidant in models for surface chemistry on Mars. (3) Complete experimental determination of thermodynamic 
properties of sulfur evolved in vacuum as they might apply to surface materials on the Jovian satellite Io (with 
D. B. Nash, JPL, as collaborator). 

d. Summary Bibliography (FY1989). Nash D. B. and J. L. Gooding (1989) In Lunar Planet. Sci. XX, Lunar and 
Planetary Institute, Houston, 760-761. 

e. Personnel. Principal Investigator (25% time) and one support-contractor scientist/engineer (20% time) at 
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PROPOSAL summary 


PRINCIPAL INVESTIGATOR: 
(Name, Address, 
Telephone Number) 


Jonathan C. Gradie 


Planeta r y Oeosci- Div./HIG. Univ. of 

Correa Rd.. H onolulu. HI — 97822, 8 08-948-6 


CO-INVESTIGATORS : 

(Name Only) 
PROPOSAL TITLE: 


none 


Phys ical Progertles of Asteroid Fami ly Members. NAGW 927 


ABSTRACT* (Type single-spaced below line. Lettered paragraphs 
taf'through (d) should include: a. brief statersent of the 
overall objectives and justification of the ’"**» *>• * 

statement of the accomplishments of the ™ £his vear as 

proposal?" c. brief listing of what will be done this year, a 

Sell as how and why? and d. one or two of your recent publi 

cations relevant to the proposed work.) 


ABSTRACT: 

a) The main objectives of this prop^alare^l^to^tudy^ Vmradlometry obtained at the 

the albedos and diameters of 350 asteroids P jme ™ ^ albedos and diameters obtained for 

NASA Infrared Telescope Facility , (2) to study JV families such as Eos, Themis, Koronis and 

spade classes ol asteroids ,ro ™ ’^1!^'®’; related to regottlh properties; 3) examine in detail 

Nysa, which may show diameter-albedo ammcn i reBwaw^^ interpretation of these thermal 

^Tail'sm^ntexfo^overa,, c^ional strocture o. the asteroid be. and the formation and 

evolution of the solar system. 

b, Progress since Angus. ,983 

10pm and 20 pm albedos and diameters o a ohofskvt The apparent cause appears to be 

work) has been tound in the IRAS not the reset, ol the 

the inadequate absolute aaiibraiw ot the top d 20 absolute calibration is the topic ol a 

S.pS.«K«r2d Hi recalibration will al.ee, sonw ojjUw results c, this study, we 
pS, to continue our Invesligation ol the islaiiia, d«lerences among aslerord albedos. 

and diameters in the Themis family. 

_ ,. . ~ p p ToriAcno M988I "Albedos and Diameters for 350 

d) Recent Publications: Gradie, J.C and E.F. Tedesco \ y on nfi6 . Qradie ef al 1989 

"Dtetribirtto^rf T^o'twnic’T^s^^^n^om^s^onal sS. o, th. Asierotf Be." Asteroid «. in 
press. 
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PROPOSAL SUMMARY SHEET-ABSTRACT 
PRINCIPAL INVESTIGATOR: 

Ronald Greeley 
Department of Geology 
Arizona State University 
Tempe, Arizona 85287-1404 
(602) 965-7045 

CO-INVESTIGATORS: 


Lisa Gaddis 
Department of Geology 
Arizona State University 
Tempe, Arizona 85287-1404 
(602) 965-7029 


Timothy E. Townsend 
Department of Geology 
Arizona State University 
Tempe, Arizona 85287-1404 
(602) 965-4581 


PROPOSAL TITLE: Geological Studies in Planetology 

ABSTRACT 

of this investigation are: 1) To study aspects of remote sensing important 
G gy ’ inc,udin g determination of the utility of visible and near-infrared imagine data 
SnHW thC soarces ’ trans Portation paths, and deposition sites of surficial materials (princfpallv 
° n Pl3n ^ SurfaCes; in addition “ assessment would be Sade of theSgdis 

the sole source ofTam™ BoT^th^?^ 6 P 1 ^ 1317 g^og^l maps in which radar constitutes 
f • I. jOth of these aspects of remote sensing are critical for the use and 

ctnHT ret ? n ° ° f existing L ai ? d future dat a to be obtained for Mars and Venus. 2) The second task is to 
geomorphology with the focus on a) the surface appearance of ash deposits degraded 

m b L W , md ’ I 5 the mor P hol °gy and morphometry of very fluid lava flows- the approach is 

to study terrestrial analogs, extrapolate the results to the martian environment and analvztf snecifir 

Su“ MarS tncluding highland P atera - 3) ™e third 

the ASU image processing system and the branch Space Photography Laboratory 41 ThTfamh 

pub,icad °" of 

NEW PROPOSAL 

SsS 

inanexten s1mwv7 g e ologic mapping principles, d) collect data on wind eroded volcanic ash deposits 

a S “omatihesof Eanh T Tf* mS ° , ? h America * e > data on extremely fluid lava flow? such 

°? Earth to determine factors such as flow dimensions, the formation of surface 

sSdfof M?r w Ya cban " eIs ’ etc -’ $ a PP^ the stilts of the terrestrial analog work m the 

l (prU l Ci P aIly the hlghland P aterae ’ such as Amphitrites Patera, g) continue image 
processing tasks and planetary geology support roles. g 

REFERENCES: 

B1 °Sng ifS R h an i Christensen ' PR > Regional aeolian dynamics and sand 

Craddock 8 R A an^Greelev^R T !' tmmc c ma PP er “"ages. (Submitted, J. Geophys. Res.) 

Tsiolkovsky, iunar farside, Rro, 

^lnprcssSosyT’ P 3nd CarraSC ° R ' 19?9> ShutUe r2dar im3 S es of wind sneaks in the Altiplano, Bolivia. 

Greeley R “fS gC ° l0gy f J yrrhcna Patera - Mars - (Submitted./. Geophys. Res.). 

Rem. Sen ^9,^071-1085 ’ observaUon ot basa1 ^ lava flows, Craters of the Moon, Idaho, Ml Jour. 

' 1988, The formation of Hadley Rille and implications for the geology of 
the Apollo 15 region, Proc. Lunar Planet. Set. Conf., Cambridge Univ. Press. 243-254. ^ 
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abstract 


^jrJsSSSBaSSSSSSSM 

in increments of L s -60, Vi^giKiM _ _ written to analyze the correlations, 

into the computer, and a best fit algon brieht streaks and zones of high wind 

Preliminary analyses show a good correlation ^twwn taght ^ collation with the "rock 
surface shear stress for the southern hemisp pianitia southward and then 

abundance- model suggests a sediment uanspon an estimate of 

S^Tse^^^ S a technitpie developed for 

dunes on Earth) yields a value of 1158 km . 

PROPOSED WORK: a) Refine ^"num'toof 

« Ssr i and local ^ d) 

develop models of sediment "sources and sinks and transport paths. 

PUBLICATIONS: ' , c . 

Comparison of manian aeolian features and results from the ”^/ A a nd 

International Mars Colloquium Tucson) 1989, 119-123, Greeley, k., o*yp 

Pollack, J.B. 

Martian ttfolian processes, sediments, and n“ 

the Fourth International Mars Colloquium, Tucson) 1989, 39 p., ureeiey, k., ^ 

Lee, S. and Thomas, P. 

Sediment volumes in the north polar sands seas of Mars (submitted to Jour. Geophys. Res.), 
1989, Lancaster, N. and Greeley, R. 



PROPOSAL SUMMARY SHEET-ABSTRACT 


PRINCIPAL INVESTIGATOR: 


Ronald Greeley 
Department of Geology 
Arizona State University 
Tempe, Arizona 85287-1404 
(602) 965-7045 


SCIENTIFIC COLLABORATOR: 


H.J. Melosh (Task 1) 
Planetary Science Department 
University of Arizona 
Tucson, AZ 85721 
(602) 621-2806 


PROPOSAL TITLE: GEOLOGICAL STUDIES OF OUTER PLANET SATE LLITES 

ABSTRACT 

genera™ MripoSl" dfsrafi a) t0 the Potential for impact- 

determine the origin® Ld m ° dds a " d Phonology, £) to 

similarities and differences in the Drocessfesf shanina thfl tOTains ° n lc y satellites and assess the 

mapping for Io and Callisto. Meeting these objectives wilfenThlelln c ° n ^. uct .g lob a 1 geological 
evolution for many of the outer nlanet satellites W1 j enab j. bett( ; r definition of the surface 

antipodal surface disruption and the role of ridee an! trnn^ 6 ^ 11 ^ 111 ® ° f the roIe of lar § e impacts in 
satellites. Global geological maDs of In anH raml ,^ tC ^ n fo ™ atlon on the evolutioJi of icy 

geophysical studies and will be important bases for the fortcSg GJuSSton ^ gCOl ° gical and 

interior models and impact pmmetCT^pIrott^ ha y e bc ' en mai ? c t0 explore different 

test and evaluate the models for the formation of nVW °! )Se [ vatl0ns have been used to 

have been submitted to the USGS for review Possible snrfae*’ ,* errai1 ?’ b ) tbe t®* 1 and ma P for Io 
observed surfaces on both icy and silicate bodies in nrH SU y face dlsr 9Ptions are being compared to 

P^B^IcXtLONS^ °f h g 1 ®f gco^ogic^ ^pping^of CaRista' ^ ^ 

G fmpUcarions^fOT Io^submiued)o/^rtrr nd N ‘ LanCaSKr ' ° bserva,io " s of industrial sulfur flows: 
Review, s'Geolo^"a^Sun^y aM0Ck ’ i '"‘ i G '°' Schaber ’ Geolo S ,c ma P of Io, 1:15,000,000, in 
^AmerAsim! s"c . ,^^874 y ’ * 988 ' R ' dge a " d tr °“ gh teiTai " : A geomorphological approach. Bull. 

”' alls as a model for ridge and irough ,emin ° n 
G S el 7i83 n 1 fsa. Me,0Sh ’ 1989 ’ FOm,ati ° n ° f terTains on icy satellites. Lunar 
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PROPOSAL ■ SUMMARY 


PRINCIPAL INVESTIGATOR: ?rlwd ° T ..nte g 


» 

Lunar and pi anetarv Laborato ry. 

Tin-i versi fy of Arizona , 

Tnrgnn. Arizona — 857 21 

(Arm 621-6940 


CO -INVESTIGATOR: 


None 


TITLE: El <~1 Evolu tion of the Galilean Satelli tes, 


ABSTRACT: 

To elucidate the complex interactions of dynamical and 
(a) Objectives: To elucxda Gali i ea n satellites, and their 

cases IN other satellite 

systems . 


(b) Progress this Year: Pr °S«ss ^^^^g^satellites , with an 

observable orbital acceleration an order -of -magnitude 

implication that thermal ux 3 qq . preparation of a major 

greater than the average over th P J an(J evo i u tion of Miranda; 

review of knowledge and theory on ^origin and evo^^ ^ modelling of 

with application to the evolution 

of both Miranda and Enceladus. 

(c) Proposed Research: Global stress udin^application motivated by 

'ectonic processesuillcontUme.^cludlng^appl^^^^ 

Miranda to small satal ^*s ' Structure on rotation, orbits, and tidal 
density anomalies and blocky Study of behavior in deep 

heating will continue to be explored. * volutionary paths on the 

resonance Will continue, including ma P pin ® e ^ U a ^ lyt ical methods, and 
other side of exact commensurability . tion . Effects of varying 
near exact commensurability by numerical mtegrati 
mean motion will be included. 


(d) 


motion win 

C..—W Rihlloeraphr : Five papers . plus on. presentation abstract. 
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PROPOSAL SUMMARY 



CO- INVESTIGATOR: 


TITLE: Planet Formation and F.vnlnt-inr,. 


_ Collisional and Dy namical Processes 


ABSTRACT: 

~ rstMd h „„ 

interactions, how they proceed the -d low- velocity 

including the cometary cloud and the Mo^ I t l Y and Satellite systems, 

evolution of planetary rings the asteroid h^i-^ I^ 856 processes govern the 
meteorites. S ’ asteroid belt, and excavation and delivery of 

intenBedi«te K stage^of P pUne^irowth U h ieS ° f processes inv olved in the 
in a particle swfrm is be^ng Momentun * — • transport 

for realistic collisional processes and non ana } ytical preach that allows 
Plane tesimal behavior durine slow ‘ ™ Lfo ™ lt y of the disk; 
analytically derived stressing the i ose gravitational encounters is now 
to a keplerian domain. A new^nalytical n^ t ^ ansiPion from a random-velocity 
the statistical mechanics ToW^L^T **« 
been prepared on the delivery of *, Critlcal mvited reviews have 

planets, on dust bands, on orblLi reso^ces T° rlt “ “ terrestrial 

oroitai resonances, and on regoliths of small bodies. 

Proposed Researrh- Study of the informal- _ 
continue to determine the statre of the System ^ the h S — ° f accretion wil l 
agglomeration into planets. Viscous radial t/ * be pnning of the final 
include gravitational encounters as well as r a "f P °y t tha °ry will be extended to 
applied to planetesimals Studies of Inu ea lstlc collisions and will be 
using a method that wili permit constr^ion Tf * WiU C ° ntinue 

effects into planet-growth models Research on I!.* S^ri chm co integrate these 
Processes and on asteroidal dust hands will cStSTS^S™ . 


Summa ry Bibliography ; 


7 papers and 7 abstracts of presentations. 
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PROPOSAL SUMMARY 


PRINCIPAL INVESTIGATOR: 

(Names, Address, 

Telephone Number) 


Bradford H. Hager 
Seismological Laboratory 
California Institute of Technology 


f'' A Q11PR 


OH 


CO-INVESTIGATORS: 
(Name Only) 

TITLE: 


None 


Convection in Venus: Observations, Models and 
Comparison with Earth 


a. Objective: . tQ increase our understanding of mantle convec- 

The main objecuve o p P rnnve ction models with observations of topography, 

tion in Venus by companng predictions o strong constraints on the 

geoid anomalies, and sum of snong coneiafion 
mechanical and thermal structure of • tha , arc primarily the result of 

between geoid and ^L.r ’S.h'd^iamic models of Earth's geoid. Comparisons of 

rwe^memtes of Venus’s and Eanh’s mantles should provide valuable tnstghts mto dte 
evolution of terrestrial planets. 

b. Accomplishments of prior “year n - i internal heating vs complete 

Accomplishments include examination of dte effects * K fo/a^metnc 

basal heating on plume structure, d^tc p^SetLl model that attributes the high topog- 
convection. We have also developed -a simple meoretlca downwelling in the subjacent 

raphy of Ishtar Teira to crustal thickenmg dnven by c ®nv « J s ^ 

Elysium mm suggest Z mande convection on Mars aiso has observable 

consequences. 

C - ,e eiemen, code written "^""d^^pS 

r."" ^^‘^l^i^on. invesligate^coupling of ctustai 
deformation and mande convection using King s vectorized finite c ement co e 

d - r"w a: S, and B. H. Hager, The Role of Mamie Oinveclionm m^o^tion of 
Highland Regions on Venus, Lunar and Planetary cien , > . . f , 

2 Kiefer W S and B. H. Hager, The Role of Mantle Convection in the Ongrn of die 
Tharsis and Elysium Provinces of Mars, MEVTV-LPI Workshop Technical Report, in pre , 
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PROPOSAL SUMMARY 


PRINCIPAL INVESTIGATOR: 


CO-INVESTIGATORS: None 


PROPOSAL TITLE: 

Photometric An 

ABSTRACT: 


Bruce Hapke 

Dept, of Geology & Planetary 
University of Pittsburgh 
Pittsburgh, PA 15E60 
(M2) 624-8876 


Sc i ence 


alyses of Spacecraft Planetary Images 


Q* 3 .iect i ves of Proposed Work’ Continue <- 
nature and composition of Dlanetarv -r ° 1 nves t i gate the 
by quantitative analyses of fL ges h" 5 atm ° 5pheres 

experimental ana theoVeUc^ rVeaeaTch ‘ — ^ 

(b ) ftccompl ishmpnfc of prio r year- < i ) i 

model for albedo and phase fu^Tum J,f llgh^scat 71 ' * 1 k 
single particle (P\ * - , ; scattering by 

scattering by Urge, irregular pa^tcler^ 5 3 ^ 1 ^ ^“2** 

major phenomenon contributing to opposition effect? 

( . C) Q gsearch proposed for cominq ye*.-. /i> rnnti- 

objects, conLntr'aU^-Tu^ra ““ r 

(d) R ecent Publicatinn^ B. Hapke <1989) Th= c ^ 

A New Model , Icarus , in press D n ’ f Surface °f Ip : 

Powders, ^BAAS? ° PPOSitio " Spike i n‘ Cry“I i 1 i ne 
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PROPOSAL SUMMARY 


PRINCIPAL INVESTIGATOR: 


KbST"!* fropu l5 ion ta 60 ra,ory 

,800 Oak Grove On CA 

( 818 ) 3 S 4 -S 741 (FTS) 792 


CO- INVEST I GATORS : 
FROPOSAL TITLE: 


None 


Asteroi 


d and Sat el) ite Studies 


ABSTRACT: , c tornids and planetary 

satellites arc w h n i^ n ptary system. 

and evolution of P toward oubl'sning 

b. wBii m «“ 1 ^ f sri.sr£ss« h s^*s?. .< ; h a a :; 

t" a ~ r -'^r^nuuie 

been preeented dine. >«t fu e ^ 1,,,,., 

- r ' s ^ *.? 

- - ?rb3irri-«S? s-siu 

phase angles under . h observed asteroid. 3) =e Several 

' ana arch,vin9 of 

of lightcurves to . readable form. 

Unhtcurve data in machine r , , 

light curve * . - asteroid tightcurve data, 

. .. nrk . i) Continue reductions 0 functions (primarily high 

c. Prnpnqp^ W0£i- 1 ’ , e stud ies. photometric func observa tions 

concentrating on P ( 0U phase angles), c ° onmachina asteroids; 

or l0 “ albedo asteroids ^ teohn, ques. and «» rtl J-.PPP» J magnitude 

x sr-sff. 

r v s a',uU°"of S-« t "r; to si^ t, SdwTd 1 il 

:=«?£ “ ith nu,erica ' 
objects; d) 

calculations. and j U. Young 11989) Asteroid 

d. Summary bibliography: — ^ in press. 3) H.rrl i s, K. -U- • 

1 i ghtcurve observBt .ions f , fictric observat ions of astero id , ( 1989) 

in press- 3. In’ -teroids II 

’ mQ+r i- i j nhtcurve observations ano reu Press, m press. 

Photometric M . Matthews, eds.) U. 

IR. Binzel , T . Gehreis, 
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FP.CPCS^’ SggZgv 


principal investigator • 

(Nate, Address, 
Telephone Nuaher) 

Co -INVESTIGATORS : 

(Nane Only) 


PRO] 

A2S1 

(a) 

ever 

stat 


: csai t: 


well 


TRACT : 
threuch 

‘all ohj 
:ar.ert c 
csal ; " 
as hew 

CT .5 ral 


— ~cns 2 T 2 iS Y / 2 ritl ^ -« 


:T ^ : -^g|-2US2E I’^TAiiY CSgERIM Am ITS 

<fi sScuid include : ^ "' 2re ~ P^Srapha 

c * listing of wha- : year, _ cr "new 

and why; and d. one c-~*~-e~Z« * ccr ‘ a bil - s year, as 
-vaw*. e-v. _ ; * e c - i --c cf veur recent c" - -’’ - 


the 


proposed work.) 


a) This proposal requests a reita^ „■* 

b) “* h '" ilf «t«« cratering 

2adi« *f “ arnBii level of 

s*»y s Jyra'ssa fix s is™* 

r LTu'felS 

kssrsfi «£iS.“ --4. ‘s?^ p -= 

publication of^orit^nr*^ o° f b rlorl tited sequence- ill com i 
Grinspoon, based "2 llf f ial S^a^r" - 

successiul, a study of luna*. ~ 0r ^ ^ ls thesis: (2) If PRnnnc -^ r * 

SSU^^WStg.'S! 5K 

d) 17 earIier st «dies suggest*^ is^ot f “ daa >“tal calibration, 


d) 

1 


4. 


SS.WSWS.' C ”" ” f “* — - -bos and 
acnj^peoendence oi -»Mnit«d, 

Grinsooon, D.H. and V I , FiUl * est - n §. 

.s.T«r jssss 1 t “ s " cSnce^'sfg^ afgsr Md 

aartaann, V X Mq a*\ n ua ‘- A > 

** >**««. , y r « e Ls S “S t :°p“. E 2 J “ 9 Uibri “ “ - Solar 
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pp^pqffft 1 - summabx 


Bernard Ray Hawke 


p eiimiu * ■ j||| 

Planetary Geosciences Piv./Hj anfl-948^ 6488 

University of Hawaii, Honolulu, 

Thomas B . McCord 


Sensing and Geologic Studies of Planetary Crusts 


PRINCIPAL INVESTIGATOR: 

( Name , Address , 

Telephone Number) 

Co-INVESTIGATORS : 

(Name Only) 

PROPOSAL TITLE: 

ABSTRACT: (Type sin ^ e T s P*^. b ® l 0 b r ief e st^ement d o? the 

(a) through (d) should t J >0 J of the work? b. brief 

overall objectives and the prior year, or "new 

statement of what will be done this year as 

SSTS 1 ^ 0 ; nfihj; 1 ^^! one or two of your recent publi 
cations relevant to the proposed wor .) 


„dtoS£Ss«. a, — «M ana** a* intern 

^ . ^rai anomalies were identified and mapped o y contains abundant impact glass, 

material was found to be donjat^by ( Ca-rich were published, and (1 D a major study 

(10) the results of remote sensing and geologic sway « 
of lunar sinuous rilles was conducted. 

ttSttjXSZg £»»*•- 

“ M ^ S 2T n eEallh, and (8) «*»«« audies o. lunar py«las»c daposaa. 


D. Summact BMHamte Sse Pf<*l'«* Raped. 
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ABSTRACT SUMMARY SHEET 


PRINCIPAL INVESTIGATOR: James W. Head 

CO-INVESTIGATORS & SCIENTIFIC COLLABORATORS: 

L. Wilson. L. S. Grumpier, S. Keddie. J. Burt, J. Aubele, S. Murchie. N. Efford 
PROPOSAL TITLE: Surface Processes on Mars and Its Satellites 


ABSTRACT: 

its satellites through^heoretic^l anafysi^andobs 9eo,ogical Presses on Mars and 

on Mars, and the ?rocesseso taw ve ocitv ^ ! °J 'T*™™ 3 " d V0 ' Canic de P° sits 

b) Progress: 1 ) Near complin of a de r° ,atiliza,ion on th ® satellites, 

environment that will permit the addressing of a series^ ° f volcanism in the martian 

problems; 2) Beginning of the assessment of the n!f, T volcano,0 9 ica ' a nd geological 
canic edifices, including comparisons in stjle soace anH? evo 'f on of ma .rtian central vol- 
analysis of the degradation of basaltic flowc nn f ^l' . * lme ’ ^ Continuation of the 

of the origin of deposits on the martian surface cn .| he app,icatlon of the interpretation 

Progress on the study of Internal and external process^' 'on ££?„!“’!! If ntter slles: 
phasis on the processes of low velocitv imnami 0n ^* 10 * 5 ° s and Deimos with em- 

c) Proposed Work: 1 ) Comnlefo *h 0 V P . °u craterin 9 and devolatilization, 

environment and address specific prob^m^ J_ heore ‘ ical analysis of vo| canlsm in the martian 
canian. and effusive eruptions; 2) P continuation S of C th« d a W th P,inian ’ strombolian - hawaiian. vul- 
of martian central volcanic edifices includina comnaris sse . ssmenl of the nature and evolution 
Completion of the analysis ofTdJJSK ^ Space ’ and time = 3 ) 

the interpretation of the origin of deposit on the^arl '^ * ° ° n Earth a " d the ap P |icalion of 
der sites; 4) Complete preliminary stady of internaTand LmmT' Specifica,,y at the Vikin 9 lan- 
Deimos with emphasis on the processes of low veiomit • em f P rocesse s on Phobos and 
and apply to specific features on the satellites y ' mpact cra,enn 9 and devolatilization, 

-d Head, J.w. ,,969, Morphologic c,ass e s 
«■ (1969) WS ° n ' L 3 " d Head. 

Planetary Science XX, 1211-1212- Aubele jr'rr ° S | y , ® cta from Stickney: Lunar and 
Vesicle zonation and vertical structure of basalt ' f ] C umper ' LS ■ and Elston, W.E. (1988) 
Research, 35, 349-374; Murchie S L Head /w *1“"™ ° f Volcanolo 9V and Geothermal 
classes of grooves on Phobos Lunar and P,an^ T ^ ND ‘ (19S9 > Morphologic 
Crumpler, L.S. (1988) ^ 74A ~ 7A5i J.C and 

Programs, 20, No. 7 , a 77 . characterization of Mars: Abstracts with 
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ABSTRACT summary sheet 


PRINCIPAL INVESTIGATOR: James W. Head III 

CO-INVESTIGATORS & SCIENTIFIC COLLABORATORS ^ w Patterson, 

C . M. Pieters, BStofan, V R. Vorder Bruegge. D. B.ndschadler, 

D. Senske. D. B campDen, ° 

L. S. Crumpler, J. Harmon, J. 

PROPOSAL TITLE: Planetary Data Analysis 


?r d 9 a,ffefs V 1) lKSle°"oTn?uI 1 To m Lnl.y: 4, To study a range 

Roneer-Venus 

Mrs? ^ « 

-"Sete 

Dortunity; continue analysis of these da , c ' tj ' tion 0 f analysis of equatona 
unitsTand several specific quadranflle^ «,<***, Begio; 6) Mapping of a. 

Characterization of Venera o y 3 _^ 0 / 2 ) Crumpler, L.S., Head, ; . 

and roughness data: Icarus, 77, . cross _ s trike discontinuities in the wes 

Aphrodite NghlanJf Venu|J^ar 

inter- 

pretafion^LunaTa^O 0 Planetary Science XX, 142-143. 
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ABSTRACT SUMMARY SHEET 
PRINCIPAL INVESTIGATOR: James W. Head III 

CO-INVESTIGATORS & SCIENTIFIC COLLABORATORS: 

S. Murchie, J. Kliever, C. Sotin, L. Wilson, E. Parmenlier 

PROPOSAL TITLE: Geologic Processes on the Galilean Satellites 


ABSTRACT: 

?, ub ' ica ! ion of. geologic map of a large per 
terization and interpre°atton of diluent olrinriTS of lcy Satellites: Charac- 
phases on relating Ganymede’s surface P feah?r^ rn‘ eC : onic , deformation, with em- 
cornp arat, v e studies of different satellifps ?! U v?«i t0 . ,nt ® rnal Processes and on 
Satellites: Investigation of possible roterof^ffoS' 1 ' 0 , S !V dies of the Galilean 
evolution of volcanic materials. ferent volatiles in emplacement and 

stiiT be l 0 7 a,i|0 " Urt 9 ee o'og^ S fet S o^ 1 J a 9 nd craterinifopGan Pu 5 lication of Papers on 

fance^rtheo^eticaT p^ef a ma^| r con^ 

«*SS: Con,inua,io " of s,udy of pos - 

studies of global stratigraphy™^^^^^ map ’ 2) Co "'™ation of 

distribution and morphology of grooved terrain docurrientat, on of spatial 

in 

rta* *?Sra1n y 1 98 5 ) P ° ssible breakup of 

crater-forming impactor DODuiatinn inn* ^dence ^ or character of the 
Murchie, S., Hea d P J L an^Ptesda J «*?«**Y Scienc * XX, 746 - 747 . 

different terrain types on Ganymecte submihPifm 7 d0nsitl ?? and crater ages of 

7°42- a ?4 C 3 and teC '° niC h ' S *°^ of ^ an 'ymede, Lunar an^Pianetary' Sconce XX? ^ 
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PRINCIPAL INVESTIGATOR: James W. Head 


CO-INVESTIGATORS & SCIENTIFIC COLLABORATORS: 

E. M. Parmentier. E. R. Stofam L ' g S ' c C sSomon %?Vo!der Bruegge.’ ^ Byrne. J r A ' 

S bS D. Bindschadler, ^ S “' & ^ 


PROPOSAL TITLE: Geological Processes on Planets and Satellites: Tectonism 

ABSTRACT: ..„ ri Drocesse s of tectonic evolution and mechanisms of 

luSron^"^ .«&*»«• process in the Beta 

b) Progress: 1) Completed ' nit >al study of ja ? e boundary characteristics 

Regie area; 2) Documented evidence [^^g^e^ation of convergence, com- 
in the Aphrodite Terra r ®9'? n ’ h 3 l 0 f orogenic belts in the Maxwell and 

cressional deformation, and the tor ™' i n ° dne be lts in the Venus plains; 4) 

Freyja Montes area of Ishtar Terra. a actenst ? c 9 s of corona structures and continued 
Continued documentation of the cha s Con tjnued documentation of the 

'and continued development of models 

cTpfopoS WorK: 1) Extend feeler 

teria, and south to Phoebe I . J _ in tbe Aphrodite Terra region, and assess 
dive gent plate boundary ^equatorial highlands; 3) Continue 

mart of characteristics of other with emphasis on the 

documentation of convwgence ^ comp relationships, and in ridge belts 

evolution of orogenic be ts n Ishtar Terrs a . deformation; 4) Continue 

in the Venus plains and their link to exte ^ structures for the area covered by 

documentation of the charactenst.es of corona s ™ c ™® s T ;° r a ; n and con tinued 
Venera 15/16 and in detail for me region documentation of the charac- 

4 ,inue deveiopmen ‘ of models for 

Tsupplementary Bibliography: (1) *"££* 3 ^ fX^ectonic 

Campbell, D.B. (1989) Orogany < «dW« j^ a , £ Geophysical 

evolution of Maxwell Montes, Venus, su ea Fortuna Tessera, 

Research. (2) Vorder Bru<= JO 0 ’ F l v ^ ra |nce and crustal thickening: submitted to 
Venus: Evidence of honzonta St nf an e.R. and Head, J.W. (1989) 
Geophysical Research Letters. (3) M^mhninnv and oriain*. submittGd to 
Coronae of Mnemosyne Regio, ® nu fj ea( j j.yy. and Parmentier, E.M. (1988) 
Icarus. (4) Sotin, C., Senske, • 'conditions: Application to western 

Terrestrial spreading c enters un der V e p/ ta science Letters. (5) Head, 

Aphrodite Terra: plate boundary characteristics in 

J.W. and Crumpler, L.S. O^ 8 ) ^nme predictions: Earth, Moon and Planets, 

si— -■ 
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ABSTRACT SUMMARY SHEET 


PRINCIPAL INVESTIGATOR: James W. Head 


CO-INVESTIGATORS & SCIENTIFIC COLLABORATORS: 

E. Stofan, I sfyuta, K ' Magee 

PROPOSAL TITLE: Geological Sludies of Planets and Satelfles: Planetary Volcanrsm 
ABSTRACT: 

flank eruptions: 2) re p^S a ^ S fs S s S Sment oftto^ ° f d ' f ke systems feedin 9 
bers below cinder cones and^domes ?) Anal^^ magma cham ’ 

development of pyroclastic eruptions 'and the VhL*L the ! Ct0 ? res Ponsible for the 
types (Hawaiian, etc.); 4) Preliminary inrpmra?a^n C ^ 1 n ?h ,CS °- p y roclastic eruption 
eruptions and how these variate can vanables 10 Pyroclastic 

deposits; 5) Initial assessmen t of thfrn,P o ®? a ^ fr °, m the resulting facies a " d 
teristics; 6) Preliminary assessment ^ of ?hp oh^ y ' n . plan ? tary eru P tion charac- 
sociated eruption conditions- 7?Tnitial v' CS ° f Venus plains and as ‘ 

interpretation of eruption conditions’ %f SSIfTf 1 VenUS r cone/dom e fields and 
environments. conations, 8) initial assessment of petrogenesis in Venus 

feed^Mempfcos- ‘iTSSieT ™ 1 ° f ' he " atl ™ °' <*. systems 
shallow magma dumber? beta? LSSiT e V°V model ,or th a nature of 
tion to other deposits; 3) Pursue conspnupnrof nd f b P mes 'P Hawail and applica- 
responsible for the development of nJmHatro of , the ana| y sis of the factors 
pyroclastic eruption types ^Hawaiian P etc S ?oS !nn S | ar S the characteri stics of 
of Hawaiian rift eruptions- 4) GnmniPiinn nf ! PP C !* 0 lhe eru P tlon sequence 

ables in pyroclastic Sons and tow SUl * ™? del for th f intarp retation of vari- 
resulting facies an3 depte appfcation m S ?i S C3n ?! interpreted from the 
t'°n of the assessment of the rote of am v tv ° f deposi ‘ s: 5 > Comple- 

preparation of manuscript for publication' fii r-nSn ^ eruption characteristics; 
the characteristics of Venus ^ ote S ^il E°! t,nuat, ? n of the . assessment of 
of mapping of Lakshmi Planum and extension l to e nth^ P r!i° n cond, * ,or ]s: completion 
the initial assessment of Venus cone/dnmp°fioi^ °J h ^- r , e9 ' ons: 7 ) Completion of 
conditions; mapping of adtSte ? f f ' eids t . and . int erpretation of eruption 
tinuation of analysis 9 0 f pltmSL n?® ° f C0nt, " uat,0n of assessment; 8) Con- 

canal. Geotherm rH ° 3 T °?S and J a u va f,ows): submitted to J. Vol 

Planum volcanism sV orS Ind're^nntn n^' ^ (1989) Lakshmi 
Lunar and Planetary Science 9 XX 9l0 q °i ? nH 5 volcanic deposits on Venus: 

NASA TM, in press (4) Aubele J Volume, 

associations of small dome -like' hill? nn\/on 9 L ^ haractens tos and geologic/terrain 
28-29, and Science SSJSJS ^ £2*1 tm™ and P!anetary Sc/ence ** 

Head, J.W. and ParmenS E M Sq? ui ™' '? press ' ^ Hess - P-0.. 

•eg centers: Lunar and Planetary Sc/en?e xTfi&QT**'*' mant ' e 3t Spread ' 


64 



ppnPORAI S i 1MMARY AND A&STRA.CI 


PRINCIPAL INVESTIGATOR: 


CO-INVESTIGATORS: 


l<piih a. H alsapplfi 

Apronauti cs and Astronautics . FS'^Q — 
i ir|i\/pr<;itv of W^hinnton. SfiSlllS. WA 931 ^ 



TITLE: 



SSr^»a«on o, impacts to toces on 

thousands of unknowns, has That calculation was performed on a Cray 

Lagrangian-Euler ian finite e ' em ®" t pd CO b d ® , NS J h Those calculations disagree with a recent 
supercomputer with suppor famshed by NSFjrw additi on, significant features in . the 
theory of near-surface spall ejection m found t0 reS ult when one allows a sliding 

cratering flows and ejecta P attarns Dlane tary surface. These features have not been 
interface between the projectile end p tn model the sliding interface, 

previously studied, due the the ina ^^ ° ' p [ b ° r t have b een accomplished required additional 
C prnnnPPd Work: The code calculations that \ region. More effort on 

developments to more accurately {ollo ^ f ^ e p ^°^ aDDi n q is proposed A suite of calculations 

r S SW phenomena «■ nominee. 

d HoS^-S^appie. On ,he Fragmentation o. Asteroids and Planetary Sa,e„„es-. 

ft “ 0 Cho 9 e“sur,ace Spat, in Large Impact Events'. Lunar and P/anetary 
£SSf K R P and KAHotsappte. 'Scaiing Problems in Catastrophic Coilisions' , Lenar and 

IcIting’oMmpact Phenomenon'. In,l. J. Impact Engr.. 5. 343-355. 
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proposal sinaoEx 


PRINCIPAL INVESTIGATOR: 
(Name, Address, 
Telephone Number) 

Co-INVESTIGATORS : 

(Name Only) 


Lon L. Hood 

Lunar & Planetary Lab. 

* ^6(^*^611-6936^ 1 IU ” nn ' A7 H H 


PROPOSAL TITLE: Lu„ a r Palegagnetis n, 8 Hannetk Effects of I gag Pn , 

W^Sugh ' W %hoS?d e In?lS5t b ^~ r U; e : t I f ttered Paragraphs 

overall objectives and rief statement of the 

statement of the accomplish^?! th « worIc? b * brief 

proposal;" c. brief listing ??! h ?t i??i P £ i0 J year ' or " new 
W ®11 as how and whv* *r»r? * ~ what will be done this vear as 

cations relevant tl'the proposed°£c>rk?) ° f y ° Ur recent P«mI- 

“™"‘ 1 * p— — I 

impacts on planetary surfaces. The work will further rnn ♦ magnetlIatlon effects of large-scale 

which have been suggested to be thT Toduct^ Jlfv A ? th \° ri * m ° f the Reiner G ^ma swirls 
Moon; or (ii) deflection of the solar tSt? 11? 7 COmeta ^ ™P-t. on the 

b) During the past year we hive oub^h / ^ 8trong c ™ 8 ^ magnetic fields, 

of the lunar swirls, including numerical calculltbnl of the^-^ f distribution and origin 
' model lunar magnetic anomaly fields to test the solar * j A?* 6 . 0nes emulated solar wind ions in 
In addition, we have applied a 2 D hvLcol t t f ^ ^ f ° r the ° rigin of th * swirls, 
and interaction with the ^^MirtW^ionize^vaiMj 1110 ^* ^ Uant i^ at i^ e mode l for the expansion 

Results for impact velocities of 15 to 20 km/sec showed that^he 0 * 1 ) “ basin-forming events, 

antipodal to the impact point in a time of 400-500 . A * tb * ° ud P en Pbery converges in the sone 
required for compressions! seismic waves to conve“eTt same « * tha ‘ 

devel rr a ful1 quantitative modei ** p>— ^ 

will be made of thecom^ “P^ 8 on 4heM -n. An initial calculation 

to the impact point. In addition to effects on ambieT ^ I ? agnetlc field ln the fone antipodal 

d! HTd Cl °L Ud b J n ° n * aligned thermal “ d e,eCtr0n den8ityC b thC imPaCt 

Sci. Con}. 19th, pp.^9?n I 3 1 8 ’l989. 1Unar DlStnbuti ° n and P 08sible origins, Proc. Lunar Planet. 

youn^’l^e^ptt COncentratio - antipodal to 
Ge H oXs L I^l magn,eti2ati ° n eff8CtS °f basin-forming impacts on the Moon, 
cloud produced^ 1^17^™^^ Va P 0r 
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p pnPOS ft T ‘ SUMMARY. 


principal investigator: 
(Name, Address, 
Telephone Number) 

Co-INVESTIGATORS : 

(Name Only) 


PROPOSAL TITLE! Um . L.tt.r.d paragraphs 

abstract: (Type • in ?i*TjUSdS, a^rief statement 

(a) through (d) should lflcatlon of the work: **• r 

5&S r^.v^’th. proposad vos*-) 


, , obkclives . The proposed research £«eses! 

Effect that wiU be wM titles, tectonic effects, 

^ ir^earcH Process: 

developed of dooming Mg*--* ^Uey 

Of landforms that may ! have resu l«^° t f train and pseudo-volcamc landforms. 

e W88 Erosion „ t cohesionless sediment by 

io^w^ All^ere^.. ^ tbc 

“coiorado^ » NAslfp-^. m p, (includes » chapters by P- •>• 
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PROPOSAL STTMflftpY 


PRINCIPAL INVESTIGATOR: 
(Name, Address, 
Telephone Number) 

Co-INVESTIGATORS : 

(Name Only) 


Bruce M. Jakoskv 

Kpt° r ot°teol f °q 1 ? a TvL r rL an |‘! S | Mrp 

^Ider, CU 803 0 g -UJ9lt; Phone ( 303) ^jg-sSo^^ 1 0r ~ a d ° ' 


PROPOSAL TITLE: 


.Remote S ensing nf 


(a) through < (d) >e 8hould*include- b a 1<: brief*'t 1 ? ttered poragra F hs 
overall objectives and bri i f stat »®ent of the 

statement of the ac"mpUstalrts o?"tSf ?? WOrk; b ' brie * 
proposal.- c. brief listing of vhat £i?l £°dJ£*J:it 0r " new 
well as how and why; and d? one or two done this year ' as 

cations relevant to the proposed Sort?) y °" r rSCent publi - 


martian surface, and to infer ttie nature of onar?' 003 , T d ,oca l-scale behavior of the 
the near-surface layer. To do this we are a^anhtltlS 9 ' 031 processes whj ch act on 
remote-sensing observations of the surface ?vrthp^- eX ^? minfl b0th in ' situ and 
can better constrain surface properties and procelse^ 9 d,sparate data sets - we 

of the'martian^udace? complefed^n^^ remote-sensing observations 

surface. * y S,0T !ne mfrared emission properties of the martian 

tian surf Ice proplilies^y:’ comS^^^ understanding of the mar- 

ties; incorporating atmospheric effects into thin 6 * 0 * sudace therm al emission proper- 
and participating*?,, the ^Geotogic^eCe sln^c RsHp" °' Surface < h «™al,nertia; 

sur . 

pr 0 pertiefof J ma°rtian s^rtacVmaertals.lcanTPn^jt? 109 orations, and physical 
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PROPOSAL SUMMARY 


a. 


principal investigator: 

(Name, Address, 

Telephone Number) 

CO-INVESTIGATORS : 

(Name Only) 

PROPOSAL TITLE: — 

abstract: (Type sl J g ^' S ^®? d t 'inSiSde° X a^°i= t “{HHorief 

the^overall^ objectives^nd^justif icationof^the^worhl^b. ^brief 

statement of the accomplishments^f ^ u P be aone this year, as 
proposal:" e. brief listing Qr two o£ you r recent 

nnbl ications^elevant to the proposed worK.) 

, t u- laser-he ated diamond cell to carry out 

The proposed work involves a PP^a^°" outeassing and thermal histories of terres- 
experiments pertaining to core fomauon. outg 8 d ^ c f kinetic proper- 

sj ssssssa^ssxti --^ — 

particular emphasis, 
b. Renewal of NAGW-604. 

C 1. Examine mamle ( siU ^ oxide V c ^Kt^^foS^Sp^^" i "S of radio ~ 

C - conditions, including melting, ■>««'£ prcs^Smperanie-hequency depen- 

dencc electrical ^"^^^*^0^ 

8Krt H? to ^Mantles?) - d core fonnation process, 
d. See Appendix. 
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PROPOSAL SUMMARY 


PRINCIPAL INVESTIGATOR: 
(Name, Address, 
Telephone Number) 

Co-INVESTlGATORS : 

(Name Only) 

PROPOSAL TITLE: 


R. E. Johnson 


-P fiPflrrmpnr nf Nuclear Engina ^xiag, and 
-E nrinppnnp Ehysics - 


ABSTRACT: (Type Si, , && &$%£%£? 

numbered (a) through 9 (d) S should W inci2de° X a be b°' i '' r Para ^ ra P hs 
the overall objectives and 1 brief statement of 

statement of the accSnpMshbants o? th^f the " ork; h ' ^ief 
proposal;" c. brief listina o? -f, P 5 or year ' or "new 

well as how and why; and d? one or twn^f^ done this year ' as 
^publications relevant to tAe grogL^°5, y ? Ur recent 


a ) We propose calculating the effect of charged panicle irradiation of surfaces 
o objects in the outer solar system. The intent is to describe the state of the 
irradiated surfaces in order to interpret remote sensing data of objects. This 
is needed to evaluate models for surface composition, rates for surface 
geology, and erosion rates for grains and ring particles. 

b) We have calculated plasma bombardment profiles for satellites in a 
planetary magnetosphere with emphasis on Dione and Europa. These were 
used to compare to leading/trailing asymmetries. The first reflectance spectra 
of sulfur ion implantation into water ice were analyzed and compared to 
Europa reflectance (0.4 - 0.7 jtm). The first laboratoiy data on Na 9 S were 
used to consider the Matson et al. scenario for Na ejection at Io. Finally our 
analysis of the satellite surfaces as sources for the heavy ion plasma at Saturn 
showed that additional sources are required inside the orbit of Enceladus. 

c) We will calculate the effect on a regolith of grains of plasma bombardment 
in order to create reflectance spectra profiles at a number of objects. We will 
examine the effect of the plasma on surface transport on Io in order to 
examine lifetimes of bright spots, productions of dark regions, etc., will use 
recent Pluto data to consider radiation effects, and will begin to examine 
possible irradiation effects at Tritan. 

d) Recent Papers 

Analysis of Voyager Images of Europa: Plasma Bombardment Icarus 75 

(lyoo) — 

Magnetospheric Ion Bombardment Profiles of the Icy Satellites: Europa 

and Dione Icarus 76 (1988) p 

Apphcation of Laboratory Data to the Sputtering of a Regolith Icarus 77 
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PROPOSAL SUMMARY 


PRINCIPAL INVESTIGATOR: Torrence CroieTlv.. MS 183-501. Pasadena. CA 91109 

{&£*£&> (»«> » 4 ' 2761 

CO -INVESTIGATORS : 

(Name Only) 


Robert H. Brown, Dennis L. Matson and Jay Goguen 
MULTI SPECTRAL ANALYSIS 


TITLE. - ParaEraphs numbered (a) 

ABSTRACT: (Single -spaced type within of the overall ob J ecti ^” 

through (d) should include, (a) bri stateme nt of the progress and 

and justification of the work; (b 1 brief s ^ . (c) brie f listing of 

accomplishments of the pn° r ye «- as h ow and shy; and (d) summary 

what will be done this year, as 
bibliography): 

OBJECTIVES: This research involves analysis of ^trspec ra ts o£ 

tmaees f". spacecraft and “^^rfron VoyaRer observations of the 

tisoectral global mosaics produced from ^ studies of the 

Galilean, Saturnian, and Uranian sa ^ e s ( tiona i units on the satellites, 

distribution of distinct spectral _an ? ground-based' -spectral studies 

and their relationship to: geologic featu J ’ & integrated studies of Io, 

and interactions with the J ° vian . dlta' are arrived at understanding 

including Voyager and g^ndbas d f on o£ volatile material on h 

its volcanic nature and the dis clathrate, ammonium hydroxide 

surface. A search will be made for “^es using telescopic data 

ice and carbon monoxide frost on i y 

obtained under separate funding. ^ task in 1982 , progress has been 

B PROGRESS: Since the beginni g ra l data, including earner 

made on characterizing Voya _8 er £ n re lating Voyager Io data to 

calibration. Recent work has information on hot spot distnbuti 

groundbased telescopic data to obtain f ure and S 0 2 across the 

£d heat flow and the distribution of t . ^ in the discovery of a 

surface . Analysis of 1986 ^f^odel temperature higher than reasonable 
high temperature outburst wi . ,. the first direct evidence fo 

models for sulfur volcanism, ^^.^.occultation data have also 
probable silicate eruption. ^ al inform ation on the location and 

been analyzed and are chapter Q n lo's atmosphere for the 

charateristics of hot spots. Planetary and Satellite Atmospheres 

book Origin and Evolution of ^ is con tinuing as well as analyses 

completed. Uranus sate1 ^® ^“ns in support of the Voyager encounter in 

Of Triton radxometri^o^^ ^ solid stace gr.onhousing on icy 

SiL tharmophyaics are also being srudied^ ^ expect to; (1) continue 

C PROPOSED WORK: During the “ming y and UH, (2) analyte 

analysis of icy satellite <**“ “ ‘ ) characterize lo's volcanic 

voyager 2 data for Uranus satellite^, i spectrophotometry for 

distribution and ''““ Ariel’ and Titania and (5) analyse radiometric 

‘ 

papers in press . 
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proposal summary 


PRINCIPAL INVESTIGATOR: 
(Name, Address, 
Telephone Number ) 


William M. Ka ula_ 

~ n^I grSit J ^rlliforni*. LOS Ang 0 ) 00 


CO-INVESTIGATOR: 
PROPOSAL TITLE: 


— ^rrf Angeles, ca 90024 
— 211 - 825-436 - 


— William I. Newman 


IBSTRA 

3 » Ob JSetivp^ * 1 \ . 1 

[occurring in the collapse of 6 ^™! thC - nature o£ heterogeneities 
circumstances likely to lead to o ar 7 Slzed cloud, with emphasis on 
the evoiution of P Lnet°esImal VarlTln^J ter! 1 2 > tested™ 
OUter 3olar system, to understand sba 9 es of f °rmatio? 

implications^ h^d^a^et i? efllctl £ “ ranus I ^3 ) tl* eipioie™he 
of the solar nebula. effects m kilogauss fields for collapse 

drodynamic P cdllapse S cnde^takidd^ad^t U com P leti °n of the hy- 
2) application of the direct N?bodv cnd^f °L the Cra y~ XM P compute?; 
demonstrating that the absent f i ° L ° the Ju Piter-Saturn zon^ 
resonance instabilities; 3) development oJ Very likely arises from 

5° r massle ss test-particles^ 4 ) Lr” J*7 body code more 
algorithm to the formation of ti» f * 4) a PP llc ation of an Ooik 

that the differences in spin ° satlA 111*??* 1 planets ’ demonstrable 
Earth and venus plausibly arisl f?^ a oen^f" 6 ^ early hea ting of 
planetesimals; 5) development A? » ? , a Penultimate stage of iL P 

angular momentum in the nebula consistent hyd f ° ma ^ net ic transfer of 
kilogauss fields in T Tauri stats. C ° nsistent w ^h the inference of 

code initially to 11 ^^^™ ^^f Y i^w 1 an^ii 1 3PPl Y the h y drod ynamic collapse 
criteria for collapse proble^ iefintu^- 7TZVL ' fUrther d -*l°P 
code to search for stable niches l * Se the new test-part ic le 

throughout the outer solar systel J a define resonance patterns 
[strategy for the application of th<» S a t0 * ay out an optimum 
stages of formation^ Urtnus a td lepton ^ to the 

\ T °‘»ZS! l Z 1 ZE t °r* *» the hydro " a *” etic 

effects oe planet orbits, spin, ‘and'heaMia' n "k 1988: pl “«esiD,al 
Lun. Plan. Inst.. 44-4S; Kaula% « "jS-OrialB-S f the Earth . 

Vadiiqua? t Garland et al esrth as a planet mm 

Iweibel . w.B. et al itlg- V Geo P>>ysical Union^ in we^? 
Jupiter and Saturn, Icarus, submitted ■ S Beuman £ °u 3 ^ ab } e “tbits between 
plasma processes in^hTli r i y solar ivuT 'i 1989: Atomic and 

Jmentum go ne, Ap^, submitted! system, where has the angular mo- 
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PROPOSAL 


PRINCIPAL INVESTIGATOR: 


SUMMARY SHEET-ABSTRACT 

Susan Werner Kieffer 
Department of Geology 

( 602 )- 965-9011 


- - — — 

SfSJBSA. 

c. j pffnrt is to formulate numencai 

and justifi cati^^ ^^5 ^&r£\ 
models for the ^f^onduit and/or plume are ^^’p^^lar emphasis will be placed on 

** for 

comparing hydrothermal a erupt i 0 ns on the Moon, M • for terresin al hydrothermal 

w:« ^ Pi . 


companng nyuiu“.»» --- eruptions on uw • * ct two years for terrestnai nyuiwu^..-- 

congelation wiU Jo te o ' fey Ae p.L ™tormal systems, ant 1 

the proposed work is me nsible gases, e.g., W> proposed work will differ irom 

systems that contain n ° n ' c0 ^ e an ' e0U s solutions of S and S p 2 ‘ ^ al P co P nsl dered, and in its focus on 
* . T ,;u this theory to Q. i-rr^nt rhernistrv of rn&ten j- • ___ _ , v u i rh emotion 


sssusss iiteoiy ° tMt ^rrronsVhS 

St work on planetary volcanism m Ut e cun ^ rc ^ “ n X em perature silicate 

eauations-of-state appropriate to * ^ atmospheres, rather thtm o S P complete 

rnaterials reach as they enter J Xulared'will a“°XL 2 efp) wm m. and 

volcanism. The fl™ d ^ fl n XsTunder e «s phase and componem ^f^ gas-expansion, grayin', 
equation-of-state of the fl“> - con duits of variable geometry, flow regimes both within 

sssrs "S S5Sta£3S«. yet £££&* 

wUL 'Si ' vdcffeSj to >* madc b0,h by the “ 

»JSB*sae5SBSBA.— -■ 

volcanic plumes S ? 2 W ith onTor^w^ dissolved 

solutions^c^ah^^th^Jompjnd^Jg^H? tte^fonnulaKd^These 

“SSSf nSfe “ “ pans of " volcaiuc 

used graphically to illustrate tlui themodvnamics of Ionian volcanism, 

‘ 
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proposal summary 



(Names, Address, 
Telephone Number) 

CO- INVESTIGATORS • 

(Name Only) 

TITLE: 


ABSTRACT: fsinoi^ 

through d. should includf- typ \ within box below. Para*ranh 
justification of 1 ' a * krief statement of t-h ^ nui71 b e red a 

°f rhe prior y e ar or “?' b - »ri.f stateme” oi the 1 ° b J“«ves and 

be done this year’ n ?” P r °posal"; c . brief lief cc °mplishments 

argue for the presenee”of k 7 the Vlkin 6 landers aid '* 1 "" 1 ' Th a°retical 
the predominant mineral ..'‘S' 7 ' b asalts and associated ,7'.”°“ observ ations 
”rll more accuracy d«.^! g in ° n the aurface ^ tors "“'rials as 

'£s :^- a ? ark — 

1 a c „d h “ ofrr^-s- 

C. The proposed work u m 

standard 

prance- £*£« * S£ 

methods the Mariner 6 and 2 ^Tpc°^ MarS ° btained by Earthh^a ^ C ° the 
nfrared Interferometer Soerr IRS lnstru ment (2 0-14 Oumi f ed Celes copi c 

S°^ “* -s^?io^:^ t ^racteristics of serpentines 

„„ *‘"6. T.V.V. and w.I. Ridl , ^“roscopy. dost, deoph. 

implications "LrZZZ. £, Bt ”«l 3")f ^ind °s f ome the re„ S o P L Ctr ° SCOPiC 
Clark, R.n. R R ' 11 ,457 - II ,4,59 . remote sensing 

Conference on Mars^abs tracts^T^ 6 ^ Sca P°lit^on Vr^ f ou T ,° kana g a ' 1989, 

and — srstsS.^ — 
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ppnPOSA T- SUMMARY. 


principal investigator: 
(Name, Address, 
Telephone Number) 

Co-INVESTIGATORS : 

(Name Only) 


i. Frnm Two-Dimensional 

Mars Surface toughness From iwo. — 

proposal TITLE: photoclinometry ottered paragraphs 

abstract: (Type single-spaced below li . „ ent of the 

^a) “rough (d) should the work: b. brief 

llVtllln? j o! C th V e ac a c n o»p 3 lish»ents of the Ptlor^ar. ^ as 

proposal^" c. brief listing your recent publr- 

SioS relevant^to' the proposed work. , 


, oiuortiv..; To »rpir 

data will be used to (lPj' d j f tada r (with application lo '^J^i.ontal scales in an attempt 
estimate slopes in areas ”°.\ Variation of tins slope over "cll-defined moie subtte aspects of 

missions); g> r'rofwtdengTh’depTndence in the the isotropy of slopes, 

lhe e smface toughness such as the in the images- sensitive 

and 4) relate the roughness P^of Mats baled on radar mattering planet) have 

Estimates of the surface toughne J -M ^ ^ nt averaged ^ data , the lunar radar- 

to the distribution of slopes Z • In contrast with the Mart.a ^ wil h geologic 

proven difficult to relate to other p P . with roughness estimates t (Moore rl al. 

derived roughness ”V ma \” t !° 0 f propetties including thermal inMtra. lb^ t ’ adat delived ro ughness 

units, and with a wide van y P of ev i d ence for dependenc ■ for the Moon) would be 

1980). Particularly P er P' e ^ n .| areas studied. Such dependence (c « 7 shorter baselines normally 

S2 pc ■”" K! ra * y ■ Uo ’ “ “ 

radar data is readily resolvabl havc dfV eloped software for Simula- 

Correlate the derived toughness p p 0 k scrV ed (where available). Two-Dimensional 

«- s - gJ - s -"- p, ° p " 

MwnllF.. II • <j( ,U ' i 1 ' 

1046-B, ”8 p. 
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■EEOPOSAL srjffflqpy 



Sef P Md^ff TIGAT0R! -m asts . 

Telephone Number) ~~ 2255 N ‘ GenHn ' 1 

Co-INVESTIGATORS : 

(Name Only) 


PROPOSAL TITLE: 

— — UI y 

ABSTRACT: (Type sJnrria — - 

£oposa?^.°c accomplish iSta iftta S? W ° rkf b ‘ brl = f 

^ of what “n P ^°d r oL ea this° r " new 

cations relevant t^p^™ your rec^t* £&_“ 


nrst ,In P‘iment well defined •«fixeV”Tf P °* mS not addressable by ourr" 7 IT * denved 
clmonietry algorithm wl.;^k hxes , to specific problems limit;,,,, <u c,,rrent techniques. 

will test the improved algorithm * ^ '^ age and rp T'ires spatially uniform °f the »'°noscopi c 
ideality i„ te-nu of „„1, Cl„,,7 * of “"*% el™«n P-apartio/ | 

"••ages synthesized from Pioneer vl Var,at,on - vlr ) of known topography^nd"'^ Var f ng de 8 re <-s of 

rcf-r 

”» ™ aariation 

r - w «'i k Plan FYOO- P m c„ !• ' Introduction) 

d. R. lf.vant Bil,lio RIni ,, lv . Kiki . n , , P^y °f Valles Manneris and of polar 

^ p - «•■>• ^4.1.^:^ 
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SUMMARY 


PRINCIPAL INVESTIGATOR: 


Paul D. Komar 
College of Oceanography 
Oregon State University 
Corvallis, Oregon 97331-5503 
(503) 754-2296 


TITLE: Investigations of Techniques Applied to Hydrodynamic 

Interpretations of Floods 

(a) My research is focusing on methods are being 

erosional and deposition* ev.dence, • " d K patterns and depths of scour 

floods that have occurred on Earth. 

« My work on ttow compete^ ~ ofl 

papers in refereed publications. m/M^hriinnir^l Research Group, end most 

Union. 

- ^^agSSSSSSSs: 

scour patterns observed in Viking photographs o. the outftow ohannets. 

,d) 

architecture of the underlying rocks. 
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PRINCIPAL INVESTIGATOR: 


PROPOSAL SUMMARY 


Larry A. Lebofsky 
Associate Research Scientist 
Lunar and Planetary Laboratory 
University of Arizona 
Tucson, Arizona 85721 
602-621-6947 


PROPOSAL TITLE: 


AN INFRARED REFLECTANCE STUDY OF 
LOW ALBEDO SURFACE CONSTITUENTS 

ABSTRACT: 

a) We propose to expand upon our previous laboratory IR-reflectance studies of low-albedo 
materials. Our objective is to analyze our telescopic data obtained under separate funding 
obtain spectra of laboratory analogs, and compare these spectra in order to determine the 
minerdogy of the asteroids It has been shown that the asteroids were probably formed 
airly close to their present locations and the majority may be relatively unaltered since 

X w"' T St w 68 ° f primitive bodieS is im P°rtant to our understanding 

of the formation and evolution of the solar system. Our work is also directly applicable 

sua rssir ~ rs with ° ther smdi ^ ^ — 

b) Even though we are in our third year of funding, this program has had funding in hand 
for just over a year smce the July 1987 start date. During this period, we have obtaSned 

isual and infrared spectra of a suite of meteorites and low-albedo materials and have 

attOTDtTTTr" 8 telesc °P‘ c observations. We have also made some preliminary 
attempts at obtaining spectra of cooled samples, c) During the next year, we propose to 

cratinue our laboratory studies. We are close to purchasing an environmental chamber for 

r r °" r T P ’ " °u der ‘° ° bserve the e&cts -‘or in asteroidal clay Zne 
At the same time, our observational studies of primitive asteroids are also exoandW L 

we Will have a much larger data base for analysis and comparison Our prim^^am 

fund- an ,r VZe near ^, (L0 t0 4-0 Spectra ° f asteroids obtained under separafe N AS A 

und ng 2) compare these to our presently existing laboratory spectra of meteorites me 

llw'terT^T “ d °i “ low ' albedo materials 3) continue efforts to obtain spectra under 
»d 41 Tnd 8 7 °U T nS WHh v the SyS ‘ em " ” Paring under present yearftndtt 
of lot mu 3 !7 a ' Ure Search ' r 0“ al - vsis °ur old data, and new reflectLce studied 
of low-albedo candidate materials for comparison with unidentified spectral features in 

be “ ai ' d Tr ° ja ” aSter ° idS ' d) J °" eS (198S> ’ Leb ° fsky ei 
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PROPOSAL SUMMARY 


Principal Investigator 


Steven W. Lee 
Laboratory for Atmospheric 
Campus Box 392 
University of Colorado 
Boulder, Colorado 80309 
407-^48 


and Space Physics 


Co-Tnvesti gator 


SHentific Collaborator: 


Proposal Title; 


R. Todd Clancy 
Philip R. Christensen 

Viking Photometric, Albedo, and Thermal Studies of Mars 


Abstract: , , ^ ™, r understanding of the physical nature of the martian 

a) This project is intended to improv ,- r transoort rates and directions in numerous 

sirface P The goal is to determine > the cmrent sedrcnt ^^“ hness , texture) through 

regions, and to infer details ° f /^^fgSer IRTM data. These details should provide 
photometric and mapping analyses o f i v affecting the martian surface, allow these 

new insight into the sedimentary processes cuney | provi de use f u l input to the design 

processes to be related to those acnve over longer tenn, . craf , 

of observations to be made by the M necessary IRTM data sequences 

b) During the previous year, software to access and Sel toSt for scattering from 

has been developed. This includes developme saaans fitting technique to fit various 

ptaotSctn^ To daK ’ SCVen rcgi ° nS “ MarS haVC b “ n 

S8S& the coming year, ^ — IR™ = ^lb= 

^“d rcla tive " s ta regi 

surface properties to be investigate a| t Tharsis and Elysium: Implications 

S W..P.C. Thomas and l 1982. lie. S W.. 

for sediment nan sport by S '°I* ™ ds ; t .^albedo feature: Relation to the martian i dmt- 
“n a%, S and OE. 

■u. M visible snectrometer, Ge ophys. Res. Let,. 13. 937-94U, 19 $°: 
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PROPOSAL SUMMARY -- ABSTRACT 


PRINCIPAL INVESTIGATOR: 


Eugene H. Levy, Professor of Planetary 
Lunar and Planetary Laboratory 
University of Arizona 
Tucson, Arizona 85721 
(602) 621-6962 


Sciences 


SCIENTIFIC COLLABORATORS : 


Dr. S. Araki, Dr. T. Stepinski, 
Pearce, Dr. Donald Shemansky 


Mr. Stephen 


TITLE: Generati 


on. and Behavior of Solar-Sys tem Magnetic Fields 


ABSTRACT 

The^ields influence^ dynamical processes ? enerated dynamos, 

planetary interiors. Evident P SSS ’ and P rovid e clues about 
present in the early solar su 6gests an intense magnetic field 
systems fo^Z ly " h f' h affected the solar 

behavior and influences of such an! ^ C ° elucidate the generation, 

(b) Investigated generation 1 W s ° lar -^tem magnetic fields. 

protoplanetary nebula and in^lanets * °i dyna ?° ma S netic fields in the 
transport by dynamo magnetic fields 'ir^rh angular “omentum 

study of electrical conductivity tf nebula = be S a n 

(c) We will continue calculationl^ rh pr ° to P laneta ry ^bula gas. 

dynamo modes; we will make 'further use of^un 65 ° f proto P lane tary nebula 
realistic model calculations, also to inclt.dA 6 ^™^ 81 ^ C ? Carry out 
We will continue studies of nebular disk fl effe ^ ts on disk evolution, 
with emphasis on their possible rn^- * l 1 nebular lightning, 

transient disequilibrium phenomena that forniation and other 

chemical states in meteorites We clan r 1 ? 3Ve P rodu ced anomalous 
generation of dynamo magneUc' 'JelL L ^ WOrk ° n the 

fields, exploring the possibility that no! 6 ^ eSence of imposed ambient 
magnetic field were induced in tM ff Parity asymmetries in Earth's 
new insights into tha tTy in " h ^h VllL/T “ <tev ? 1 °P. 
dynamical equilibrium We will conri u ^ ma S ne tic fields achieve 
electrical conductivity of 1 T theo * etic ^ work on the 

W> 1588 -^deration f“to 1 

1989 "Magnetohydrodynamic'puzzles^in ^' P Le 7 > ,^ tr ^^-^ 331 * 416 • 

Proceedings of the US-USSR WorL^ press . 


80 



ppnPOSM ; f TTMMAR ^ 



PRINCIPAL INVESTIGATOR: 
(Name, Address, 
Telephone Number) 

Co-INVESTIGATORS : 

(Name Only) 


PROPOSAL TITLE: ■ “T Tjai , ter ed paragraphs 

nat ions ggtgthe proposed vorK.) 

n i *i-»p orioin 3 nd ©volution of th6 solsr 

other disk systems. The ~L end of the accretion epoch. hendina wave in Saturn’s rings. 

team about debris remain g .. . -^el and data analysis of the Titan vovaaer PPS uranian ring 

(b) Progress: Saturn's bngs. 3) Corded a ™cel 

2) Wrote invited review P a P® r ° P er on the arc rings of Neptune. 5) P S nding other nearby 

^^g&3g^^!sss&. 

resulting from roira^^iejty-^ analysis of wave features observed in use rowSs 

s&^^ssssiSBssssssr- 

System” J. Geophys. Res., 93, W > 
interstellar Dust” Astrophys. J., in press. 
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propose r, ssnasiBx 


Jaerbel K. Lucchitta 

~~ ^ lu^ica i b urvpy- 

lpu^:) b^7-7 1 /b; f?T<:' 


jemTTTT 


(S"Md^f IISATOR = 

Telephone Number) 

co-investigators : 

(Name Only) 

PROPOSAL TITLE: 

abstract* rrvn fc,,g ,a,,PS ^ e n 5 

Proposal 1 •* %££”*' ^ b "« 

veil a. how°iM r ^. <* “Pat 3y£°L£«& i « 

cations relevant tJ'th^ d * one or two of your f year ' as 
^ to the proposed work.) Y recent publi- 

^'ght on such questions asTl? thf"?- 0 " t # e "“T 15 - 5 ' Plateaus. The 9 studv ta • i f d anal y sis 

J JJJ r c ^f «" anS n evo7u^onf (JHK re^auV'^^ 6 ° f 

^ii:i£3 2~s ttinf 

Srfe3lr"* a 

D^t 0 d wo pk* ip th x • 

iP§iliI^i§§^ 


'. Flagstaff, 
AZ 86001 
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p ftQPOSA L SUMMARY 



PRINCIPAL INVESTIGATOR. 

(Name, Address, 

Telephone Number) 

Co-INVESTIGATORS : 

(Name Only) 

proposal TITLE: mt-.tered paragraph. 

ABSTRACT: (Type ain,l. T »^. b * lo ; r U? ititesant o£ the 

ln.tif lcationof the work: b. brief 

proposal : * o. brief lijtijl °^“" r two o£ you r raoant publi 
S ioS relevant W to ' the proposed work. ) 


808 - 948-6488 


SSSr=H 

cojs: Utniling ’ roscopy and m,d-mf ion in :be 

sss SKS ,' 5 a.-rsi •stress. 

«~rss= r < rJsr^ i “^ TM — 

areas. Mata lisina spectral mixing 

mose appi'ed '° ° specnoseopy of me Ca"rtW“* MO > LOO 

^ ^ - — - 
Siisri z e X' •* « « 600 - 60 ’ ,,989) - 


83 



PROPOSA L SUMMARY 


PRINCIPAL INVESTIGATOR: 
(Name, Address, 
Telephone Nuaber) 

Co-INVESTIGATORS : 

(Name Only) 


Jonathan I. Lunlne 


Lunar a nd Planetary Lab . Univ 

Tucson, AZ 85721 1 

(602) 621-2789 


of 


Arizona 


proposal TITLE: 


^neo retical Studies of Volarn* ^ocess^ 


ABSTRACT: (Type •inole-«n*^’K r T‘'“,T surraces of Outer solar "Sy 

(a) through (d) should include- a °brii? e ’* 1 ? ttered Paragraphs 
overall objectives and justification ri ? f . ® tate ®« nt of the 
stateoent of the accomplishnents ^f i-hf th ? work; b ’ brief 

proposal;- c. brief listing ofvhat 5ni P K i0 5 year ' or " new 
well as how and why* and d will be done this year, as 

cations relevant to the p2oposed°ioS?) ° f yOUr recent Pcbli- 


determinlng'the ^ 0l * tlle “trials and processes in 

atmosphere and aerosol haze »«J, aonoxide. (2) A model for Tritfn*. 
^Slid evoluti^n'of^Titan^s ^ydro^^b*^* Reason 

flow hot spots on Io in the 1985 J!,’ } ' infrared signature of silicate 
rheology of ammonia-water liquids^\ ^ Was Elated ( 5 ) 

theoretically; evidence for gUss «P-rimentally ^ and 

and early history of instruction of detailed models of thU aCn,0 f phere 

surface/LterioTprocesse^ a rf h r e,8phasis «* the interac tlo f of f0nBaCi ° n 

Plausible surface/interior processes^n^l eVol “ tion - ( 3 > Investigate 

siLssirg s c o° b or N2 r 

(d) Sample references" TlSS^l^ 1 ^ Matures. ^ observations 

• I. Lunme , Nature, In press 89 ' Icarus > ln press; R.v. Yelle and 
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ppnPOSfl ld 



PRINCIPAL INVESTIGATOR: 
(Name, Address, 
Telephone Number) 

Co-INVESTIGATORS : 

(Name Only) 

PROPOSAL TITLE: 


PROPOSAL TITLE. Tittered paragraphs 

ABSTRACT: (Type single-spaced below in statement of tiie 

^™£ugh W should th. wort; b.Wief^ 

well as how and Y> proposed work.) 
cations relevant to the prop 


a. 


b. 


c. 


J1IO * — — 

.-.I .-.- - , k dtvtlVapply ih< Ktioiul'hLsra^ of 

^t^^sssssss^jssssssss. 
g rsgsaai- - — - — - 

coarse sediments on Mars. , • rr pated bv catastrophic floods, volcanic 

Progress: 1 ) analyses of rock populaaons created Dy debris tQ rernotey 

Ld rockfalls provide ° 0 f heavily cra.ered terram -n 
distinguish these processes, P deposits of semi-indurated, plains- formi g 

northeastern Arabia indicated substa P . ^ave experienced a diverse and 

Serial toped over * Vento *nd Pio "' CT ^ {£ R 

SS^C^en^rL-nve sU of vapor uanspon — s » 

stable and unstable atmospheres. wkh phillips on Venus tectonics, 2 ) 

Th is Year : 1 ) complete the collabora mresun der martian conditions, and explore 

tSS^SSJSSS^ 

farawa*— — " " “ 

AnJarctic Journal of die United .States i 22 ( 51 38 -, 198g> Terrai „ simulation usmg a 
^mo^erof^trwun^whOT^ompu^^jraphKS^fd). 263 - 268 .^^^ of Lassen Peak, 

Eppler, D. B. and Malm, M. C 1 W, IP= y v „,„ nin Hazards- Assessment 
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PROPOS AL SUMMApv 


CIPAL investigator- 

(Name, Address, ' 

Telephone Number) 

Co- INVESTIGATORS : 

(Name Only) 


ABS TEACT: (Typesinql 

o b °-°Zrlirst£tliT p« a *« P hs 

proposal^" c tT^thf £ 

Catl ° nS relavaaa y°ur recent 

ZV B " D ' !; HD ’ H '’ and H^HTmirtarts)' prop ' rti ' s ° f Planetary 

=ssta££r- 

solid hvd d PreSS “ re ,988 ' tlK ma ximuin 

sohd hydrogen were studied to pressures above 250 GP a 7 ^" t?^^ 1 P"P«ti« of 

detennmed. Dramatic change in optical spectra of 7J^ 1 a am ° r ^ ous ice were 
high stresses up to 300 GPa A „,ner f *■ ° f pe Ia dla mond were observed a t 
pressure diamond-cell experimentation h^h * OTgSl ' r beamli,le dedicated for l,t|, 
and equations of state oUxid “smeatesld”" a ‘ NSLS. Phase stabilities 

w. x-ray diffraction up to 300 GPa. The rel ™ ^ ^7' be '” sl “ diad systematically 

d meUll,c core °f the Earth and planets. ^ ”" d for mode!Ii ng the rocky mantle 

— Proposed work for this vear- fl) i 

rn.xtures up to 50 GPa, 77-50o' K. (2) PUse^rln dif 'f* Ction o{ H ' and H 2 -He 
planetary gas or ice up to 300 GPa 77 300 K h T E0S of "ne-compouent 

ca Pahilities. su]ts - (5). £-ctending the ttxprrimrnt.nl F- 
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PR OPOS A1 SI TMMARY 



PRINCIPAL INVESTIGATOR: 

(Name, address, tel. no. ) 

CO-INVESTIGATORS: 

(Name Only) 

TITLE: MINERALOGY of THE MA R TIAN SURFACE FROM MARINER 6/7 INFRARED SPECTROM E 

ABSTRACT (Single-spaced type 

objectives and jusuficanon of hhe k > b. B donc ^ well as how and why, 

rdevam <o *e proposed woricQ: . 

a . Recent worR to restore the Mariner 6/7 IR ^ctronater dataset h» ^ 
created an opportunity to expand . "““lvzed to extract Information about the 
presenct^aiTnature S^naS s^Us! -cussins on their hydration state 
and the presence of various salts. 

b. New task . are the only spacecraft spectral data for 

c. The Mariner 6 and 7 IRS dat avai i ab le in the 5-10ym range; the 

Mars between 2 and 5ytn, an t e . -noise in this range with the exception 

Mariner 9 IRIS data had poor . S1 ?" *he mission when dust loading in the 
of a few spectra ° b “i" ad da “ osslb le for the first time to produce 

atmosphere was reduced. thereby compare the data with 

radiance spectra for the IB “ara^et, “ d ^spheric^f fects mahes possible 
atmospheric synthetic spec features due to surface components, 

assessment of the presence o those of water at 3 and 6ym, 

among possible vibrational fundamentals are 

and carbonates, sulfates, and nxtra e . lnfrared spectrometer". Bulletin 

d. "Data set restoration: the Mariner o/ 

of the AAS vol. 17, 723 (1985). IR spectrum: Evidence for sulfates, 

"Airborne observations of - * B Dalton, T. Roush, C. Stoker, 

carbonates, and hydrates , • ° ’ 4 t h international Conf . on Mars, 

F. Witteborn, and J. Bregman, presented at 4th m 

Tucson, Jan. 10-13, 1989. 
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PROPOSAL SUMMapy 


PRINCIPAL INVESTIGATOR: ^nnis L. Matson 

(Name Address, Jot riupuj n t un Labuialuiy ^ — 

Telephone Number) Pasa rtmiw, TmnS ljn j 

co-investigators: 

(Na " e 0nly) n«- 

PROPOSAL TITLE: 

abstract: (Type sinol. »URl.JPiu« 

ov^n*? (d) should in?lSde- b | 1 °bri i ? e ^ Lettered Paragraphs 
overall objectives and justified i bri ® f statement of the 

statement of the accomplietaen?n c?\h th ? work; b - brief 

proposal;” c. brief listing of^hat w^f i P f i0 J year ' or "now 
well as how and whv* h wnat will be done this 

cations rel.vant^'^VopIsed^orh?, re ~" ? Kwi-** 


Jt i ^ r J y d °“‘^ y ®«igationsofthe physical 

2 lng «^f Urements to be made by the Galile^nH°2 us ? f V 1 in Plan- 
B. PROGRESS: We saw the eruption of £ i?K? d Cassini missions. 

Io. It's 900 K temperature was far too b ^ h : te ®P erat ure magma on 
and we suggest that it may be sUica?^ »oi 1°* * ny Sulfur P* aa e 

series of io occultation nan^ te melt, in the 1st of a 

Several new hot spots were found and 1 ^ 8 ? 68 this new approach, 
of Loki measured. Our 2nd solid-s2a<-o « locatlon a nd temperature 
reporting subsurface temperature distributio^Q US % Paper a PP eared * 
assumptions. Temperatures for hrifrh+ lb I? t 1 X ?" S under a variety of 
higher than PreviSu^y SI U gS. TSudv likely to 

c. PROPOSED dork: Io y hoI l^t Sort wil? r ;„nL WaS PUblish « d - 

of the existing database and or^nar S »-f-i ,111 *: COntlnue Wlth analysis 
tions. a major effort Sill h£ ® P ? ra £ lon for doming occulti- 
units which may contain H2S froRf dS underst and Io's polar 
will be submitted for publication! Three P a P® rs in preparation 

SatelUt^ocSltat^r^by J° D° t e?° tS! Infrared Photometry of 
(1988). esolid-state^reenhonses Icari “- 465 

Satellites, by D. L. Matson and R h B™5n Im ? llCat:LOns for Ic y 
(1989). *lo: Evidence for Silkate v;iofn^ - CarU8 77 ’ 67 
Johnson et al., SciencA 549 1 '>oft/y 0 ^ Canisin ln I 986 / by T. V. 

tion. Abundance, and Stability^ SO^on’io^h G J obal Di stribu- 
et al., Icarue 450 (198^.°^ 7 p^bl iShed ' abstrtotSf Wen ' 
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pROPOSA I 1 


PRINCIPAL INVESTIGATOR: 

(Name, Address, 

Telephone Number) 

Co-INVESTIGATORS : 

(Name Only) 

PROPOSAL TITLE: 

abstract; (Type of th* f 

overal l°objectives°and justlficabio^of ^ 0 ”°^ar. ' oZ-'new 

statement of the accompli shmen will be done this year, as 

proposal c. brief listing °^f t £“ £ b *our recent publi- 

Tainl > - 

warw-129 to support studies o This work entails mapping 

P S?d i r t ang n ies W ot oln^ede .(now in review) . the structural 

Continued funding boundary by analysing 

ssssr :: •sssi»“..“?«~ - ““"“.m 

surfaces. d McG ill, G. , A 9 es _ 0 p ,, Lunar and 

"carrldg: 5SV. 
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■SBQgO SAL SCT^ apy 



X. v^d IVU du 

Honolulu, Hawaii 96822 


Phone: 948-648ft 


mfU CIPAL INVESTIGATOR: 

(Name, Address, 

Telephone Number) 

co-investigators : 

(Name Only) 

PROPOSAL TITLE: 

L.unar and PI; 

ABSTRACT: (TVDe <?inrri " 

proposal - " c ">-• ^ col | , pl ishments of the m-in ' ^ " brief 
cations relevant your rece^? \ SSfi “ 


- MQMp 

’ Surfaces 


objectives: 1 ) add to Lowled^^ of solar objects with 

any other investigator. MS ' and CR AF/Cassini and it is not duplicated^ 

da^ spectrum and image telescopic 

band, with analysis indicating: (i) a lower™ ton tl t ' 3nd ,ndude: U confirmation of the 3.8 um 
potential presence of Sulfur compounds and/or Marc P reSen0e of carb onates of 1 -3 wt%, (if) 
the 2 3 pm region and analysis indicating hydrated bet,er defini,ion of a band in 

Spectral image cubes between 0 3 and 1 o , im It t ( 3yS) and /or atm ospheric CO- 3) 

'"dicaling ^ lro ° no Z L° £ ^ ° 65 «£- and 

■—* « •**- h 

™° “tZ ,he T a ' VSiS ,h9 '“*> “ va "ed 

spectral region. We will focus on three main topics- 1 \ c Par ht^ ^ a " d lma 9 es in ,he 0.4 to 5.2 pm 
new absorpfon bands we have discovered in the 35 i 5 ..J* ° f 53 !f 3nd lnter Pretations of several 
«he 2.0-3.0 pm region; and 3) analysis of , e c^line C ZsL %"*** ° f hydrate ba " ds 
0-4-1. 0 pm region, this will involve laboratory studv o t ' , ba " dS We disc overed in the 

done to direct the 1 990 opposition observin^proortm ^ t" 3 ,° PtlCal prGperlies - Panning will be 
current few years because of the unusually good LmSont'I T‘ ^ ' S ,he em P hasis for the 

anaivs,s ,o * « «*-*•* « - » - 

Gsophys. Res . in press (1 989). Btaey. D ' MeCaoc< ‘ apeclroscopy. J. 

martian surface from infrared telescopic observations in prep JGR ? SUlfat6S a ° d hydrates on tha 
Bell III, James F. and T.B. McCord, Mars- Near-infrared rn SpeClal Mars Conference Issue 

— • , ICarUS, 77 ' 21 ‘ 34 0 989 )- Bell III, James F T B M^Cot 8 ^^ SC ° PV dUn ’ n9 ,he 1 986 

Mars during the 1988 Opposition Pr^lngt^ and s Pecfroscopy of 

J.G.R., m preparation (1989). Bell III James F TR S y m P° sl >Jm, Tucson, January 1989 

resole, ion visible ,o near-IR 0 ^- derate Wa, 

Lunar and Planet. Sci. Conf., in preparation^ Malch 19 ® 8 ° PPOSiti ° n - Pra ^ d ings otThegoth 
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p'pOPQ SftL SUMMARY 


principal investigator: 
(Name, Address, 
Telephone Number) 

Co-INVESTIGATORS : 

(Name Only) 


proposal TITLE: ' Lettered paragraphs 

Sell as how and why: and 

cations relevant to the prop — — 


the atmosphere, \*i * P . -nectral mosaics with re ^ e , * and ( 4 ) 

comparison of Voyager "“^j^ties of candidate materials, jnd (J 

«SShys?cal aSd geological interpretation 
topographic models o o. 


b. 


Progress: new proposal 


c work Plan FY90: U) Complete ^olut ions £ S? 

SSiSS ^|Ur^ 

evidence^! or a H2S°and S signif icance 


« iqBB. Global 
d. Bibliography: (1) 73 ' 385-426. (2) 

albedo variations on o. ^ Soderblom, L *» 19 ' 

Johnson, T., ^tson, D. ( stability of S02 on Io- 

distribution, abundance, 

— / 1 \ 


color and 
McEwen, A. , 
The global 
Icarus 75, 


4 50-476. ( 3 ) G askell^. synnott, S^, Mc indications |or |nt«nal 

structure 1 and^eat tSSsler? ^ophys^^es. ^ett^ ^ Dynamic 

•:i ph y“f 1°: ^3^494 ; 'chapter 2. 
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EEoppgAL summ^ay 


-Lucy-Ann tfcFajden 

Telephone Number) - CaHfnrrifn g r — r T n t iXll£a 

co-investigators: « 92 °» 

(Name Only) 

PROPOSAL TITLE: 


ABSTRACT: fTvne «,* , t£f s So lar Wind °n Spec tra 

aus«3SS^S^Ja33SM! 


-»XI.1 S asterom surface properties. Justification ^“d~ - ulc J enect ot solar wine 
bombardment on lunar materials evict °h? u ?*: Previous Sadies of solar wind 
laboratory simulation of7e ^blems of 
analytical techniques are avaUable for detemSti n 7? I d ?“ J 6 overcome ' New 
solar wind, enabling us to understand the processes nrnrW^ ^ cherTUCal changes due to 
Th t St ^ CtUre of the solar wind in the asteroSbelfic P™ ducin S observed optical changes. 

M w C M ^? n ' 1716 asteroid database has not been svstemSaii* 311 Used in simu lations 
b) New Proposal. systematically examined since the 1970's 

taSSem ° f “T* f rdina ^ cho "‘W« meteorites (an H L LLI 

ambient solar wind over time andT^TeS & * “ doses that r 'pre'sent i>oth 

and ion mass spectrum above the sample Use^’ Snlnam Measure the neutral 

surface of the sample before and after tombSwn7 h S EIec * oa Microprobe at the 
changes independently of the optical nmS E, doc k umen ? *e physical-chemical 
bombarded samples. Compare the result 6 °P Qcal properties of the 

particularly the S-type asteroids located wherlfth^orc^a^rT^ ?? Dcal properties, 
be, to evaluate the validity of the current S.5S , ( '^ondntc parent bodies should 

SS" asKroids: that as,croids « »F™ by 

§^25325. t of A d n e zoS' MS'fedtr en fc A ^ Uo ’ 
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ppnPOSAT- SUMMARY 


PRINCIPAL INVESTIGATOR: 
(Name , Address , 
Telephone Number) 

Co-INVESTIGATORS : 

(Name Only) 



ogical history 


proposal title: . ,„ tter ed paragraphs 

ABSTRACT: (Type 

(a) through (d) sho “J, justification of the work, b. > 

your 

cations relevant to the prop 


Objectives : To understand the tectonic ^^'^trlugraphy and geo- 

crustal history. Hh*n P° 8S8 “*’ 
of published geophysics mo 

a To? and Je5 completed; discovered 

srssws. zz £* for 

=-s» g iu- aithotoey — 

Ta? and Je5; continue studies of martian 

de ' ,eloP " en 

of PC-based image-processing syst 

. . , D J Der , 4 abstracts, 5 presentations 

Summary Bibliography. P P 

McGill, G.E. , Buried t°P^» 813 

impact depression, • . origin for the 

s.w. »«• ^ 

1989. 
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PRINCIPAL INVESTIGATOR: 
(Kanes, Address, 

Te lephone Number) 

CO- INVESTIGATORS : 

(Name Only) 

TITLE: 


PROPOSAL SUMMARY 


NASA _Ames Research^ c7^7Z7 
itt Fi oTa Cente x, 


-^IfeLt^ield ^ CA 9403 S 
( 415 ) 694-5532 





e 1 1 j t p s 


1,0,1 bei °" 

justification of the work-’h v * J StaCeraent 
Prior year, or -new propo^alV c ° 
year, as well as how and why and / i^ting 
relevant to the proposed work ) °" e ^ tWO 


Paragraphs numbered (a) 
of the overall objectives and 
the accomplishments of the 

of what will be done this 
or your recent publications 


thermal profile JtZ^rU, n'J > * P-amet^o s^Tth^ 

scenario for differential nd Ne P tune than previous! v av * he 

atmosphere ras been describeT^oh ll^oS " 313 0 P-to^iar? 

D ' J-t has been argued t-hat- uuia Provide such hicrh t /d «_ . y 

PormaL„ e pr„^"; 0 r-°t„ a C t a ^ 0 S r t h h r e H - ^P 

Work- i? r P ? 36 chan Ses upon solid S LT: and Euro P a - and of the 

profiles on°t Uwor « M «l «udj o? Xe fnfine l0 "' (c) Pr °V°^ 

and Uranus? “noludTelf' M ? t0rlr aM atnue^re of "r s ° f e f?° 0etIo " al 
behavior of icy satellites 3 ° f meltin S in models. 2) Model f Saturn 

zztzr r&r*?' » 

patent, C.^Ty^Tr V 

° ak ' ana Re yn°tds, B.T., ioarus, 3 TO, R 3?: 3 6? t f5j a ’ H’ 39 -H h , t' 9 86; 


94 



PROPOSAL SUMMARY 


PRINCIPAL INVESTIGATOR: William B. McKinnon 

Dept. Earth and Planetary Sci. 
Washington University 
Saint Louis, MO 63 1 30 
314-889-5604 

CO-INVESTIGATORS: None 

TITLE: Structure and Evolution of Outer Planet Satellites, NAGW-432 


ABSTRACT: (Type single-spaced within box below. Paragraphs numbered (a) through (d) should include: 
a. brief statement of the overall objectives and justification of the work; b. brief statement of the 
accomplishments of the prior year, or "new proposal;" c. brief listing of what will be done this year, as well 
as how and why; and d. one or two of your recent publications relevant to the proposed work.) 


a) Objectives and Justification: the purpose of this work is to explore the structure, 
evolution, and bombardment of outer planet satellites. This includes understanding the origin 
and evolution of projectile populations (relevant to accretion timescales and the interplanetary 
correlation of geologic time), cratering mechanics in icy targets (morphology, phase changes, 
spallation, etc.), and the relative importance of large impacts, orbital dynamics, and internal 
processes for tectonics, with implications for interior properties. 

b) Accomplishments: modeled Neptune's possible gas drag capture of Triton, finding it 
to be more plausible than previously thought; modeled the coupled tidal heating and orbital 
evolution of an initially eccentric Triton (as in a capture scenario), showing that a largely 
molten Triton evolves relatively slowly and may stay hot beyond the end of heavy bombard- 
ment; offered a prediction for Triton’s density (to be determined by Voyager 2), assuming a 
capture origin and based on an analogy with Pluto/Charon; examined angular momentum 
budget for Pluto/Charon, finding that a large collision is required and that an upper limit to 
Charon’s density can be set; used viscous relaxation of craters on Ariel to argue that a portion 
of Ariel’s surface is NH 3 -H 2 O ice; synthesized other aspects of crater formation on the 
Uranian satellites; analytically modeled'the formation of Ithaca Chasma. 

c) To be done this year: further explore consequences of capture and alternative origins for 
Triton; further constrain relationships between projectile populations in solar system using new 
scaling derived from crater morphological studies; complete analysis of lineament patterns on 
Saturnian and Uranian satellites, and viscous relaxation on Arid; analytically model formation 
Galileo-Marius Regio furrow system; constrain Ganymede, Callisto, and Tethys (and other 
intermediate- sized icy satellite) heat flow; complete study of Mercurian crater terrace widths, 
Mercurian and lunar ejecta blankets, and simple-to-complex crater model; revise Ganymede map. 

d) Publications: McKinnon, W.B., and S. Mueller, 1988. Pluto's structure and 
composition suggest origin in the solar, not a planetary, nebula. Nature 335, 240-243; 

Mueller, S. and W.B. McKinnon, 1988. Three-layered models of Ganymede and Callisto: 
Compositions, structures and aspects of evolution. Icarus 76, 437-464; Schenk, P.M., 

1988. Crater formation and modification on the icy satellites of Uranus and Saturn: Depth/ 
diameter and central peak occurrence. J. Geophys. Res. 94, 3813-3832; Schenk, P.M. and 
W.B. McKinnon. Fault offsets and lateral crustal movement on Europa: Evidence for a mobile 
ice shell. Icarus 79, in press; McKinnon, W.B., and S. Mueller, 1989. The density of 
Triton: A prediction. Geophys. Res. Lett. 16, in press. 
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PROPOSAL SUMMARY 


PRINCIPAL INVESTIGATOR: h. J. Melosh 

(Name, Address, Lunar and Planetary Lab, Univ. of Arizona 

Telephone Number) Tucson. AZ 85721 (602) 621-2806 


Co — INVESTIGATORS • Ann M. Vickery 

(Name Only) 


PROPOSAL TITLE: Impact Mechanics and the Evolution of the Terre strial 

Planets 

ABSTRACT: (Type single-spaced within box below. Paragraphs 

numbered (a) through (d) should include: a. brief statement of 
the overall objectives and justification of the work? b. brief 
statement of the accomplishments of the prior year, or "new 
proposal ; n c. brief listing of what will be done this year, as 
well as how and why; and d. one or two of your recent 
publications relevant to the proposed work.) 


(a) This proposal consists of a number of related tasks that have in common the theoretical study of 
planetary evolution and surface processes. Using continuum mechanical models we can study the origin of 
the moon, impact evolution of atmospheres, fragmentation of objects in the asteroid belt, and various 
tectonic processes. Most of this work is heavily computer based and uses a number of hydrocodes, 
fragmentation algorithms, and a finite element code. 

(b) In the past year we successfully completed four 3-D computations of an impact simulating the moon's 
origin. The implications of this impact for the thermal state of the early earth were also addressed. An 
analytic model for atmospheric erosion was constructed that indicates that a substantial fraction of Mars' 
primitive atmosphere could have been ejected by impacts during late heavy bombardment, in agreement 
with the geologic evidence for an early wet era. Work on a fragmentation algorithm for simulating the 
breakup of asteroids by impact has continued, and a hydrocode embodying the current algorithm constructed. 
A finite element model of the viscous relaxation of craters on Ganymede was constructed and showed that, 
contrary to analyses based on purely viscous models, the measured rheology of cold ice is in good 
agreement with the observations of craters. Tectonic models of the effects of loads on one-plate planets 
showed that there are two basic tectonic responses to loads, a small-planet (shell) response and a large-planet 
(plate) response. The implications of these models for the Th arsis rise cm Mars were deduced. Graben 
mechanics was elucidated with an energy-based failure criterion. 

(c) Next year's work will be principally concerned with analysis of the 3-D numerical models we have (and 
will) run at Sandia. Other tasks include numerical study of the impact evolution of planetary atmospheres, 
modeling the fragmentation of asteroids by a state-of-the-art fragmentation model, finite element models of 
the coronae on Venus, and a computer study of the morphology of craters formed in a Bingham medium. 

(d) A.M. Vickery and H J. Melosh, Science, 237, 738-743 (1987); HJ. Melosh, Int. J. Impact Eng. 5, 
483-492 (1987); H. J. Melosh and M. E. Kipp, LPSC XX 685-686 (1989); D. M. Janes and H. J. Melosh, 
J. Geophys. Res. 93, 3127-3143 (1988); H. J. Melosh and A. M. Vickery, Nature, in press (1989). 
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PROPOSAL SUMMARY 


PRINCIPAL INVESTIGATOR « Albert F. Mpf-rapr 

(Name, Address, Jet- Propulsio n Laboratory M/S 183-501 

Telephone Number) 4800 Oak Grove Drive, Pasadena, CA 9 1109 

(818) 354-4017 (FTS) 792-4017 

Co— INVESTIGATORS : Eldon L. Haines 

(Name Only) 


PROPOSAL TITLE: 


Planetary Gamma-Rav Spectroscopy Science Studies 


ABSTRACT: (Type single-spaced below line. Lettered paragraphs 

(a) through (d) should include: a. brief statement of the 
overall objectives and justification of the work; b. brief 
statement of the accomplishments of the prior year, or "new 
proposal;" c. brief listing of what will be done this year, as 
well as how and why; and d. one or two of your recent publi- 
cations relevant to the proposed work.) 


A. Gamma-ray spectroscopy is capable of measuring the surface composition of 
planets, asteroids, quiet comets, and many satellites, yielding results 
relevant to the origin, history and present state of the body. Gamma- ray 
spectrometer (GRS) experiments are currently under development for Mars 
Observer, planned for CRAF, and under consideration for subsequent 
Observer missions. Science studies are required to optimize instrument 
design and fully interpret flight data. 

B. Efforts to date have consisted of 1) developing the techniques with which 
a GRS can monitor atmospheric thickness and surface pressure at Mars by 
three different methods, 2) addressing issues of carbon in the regolith, 
stratigraphy, and atmospheric fractionation via the GRS at Mars, 3) 
analyzing the ability of the GRS neutron and gamma-ray modes to detect 
the possible presence of frozen H 2 0 at the lunar poles, and the ability 
to uniquely identify lunar rock types, 5) the first quantitative analysis 
of neutron -gamma -ray mode coupling, and 6) an analysis of laboratory data 
on the response of passive and active neutron modes. 

C. In the coming year we plan to 1) model the potential GRS capability for 
measuring polar cap composition and seasonal cycling at Mars, 2) analyze 
the ability of the GRS to derive stratigraphic information, 3) continue 
the analysis of thick target irradiation data, and possibly 4) resume 
development of the deconvolution technique for increasing GRS spatial 
resolution from orbit. 

D. Recent publications: 1) "The Application of Gamma-ray Spectroscopy to 

the Climatology of Mars", Lunar and Planetary Science (LPS) XVII, p. 549 
(1986), 2) "Coupled Neutron/Gamma- ray Spectroscopy from Lunar Orbit", LPS 
XVIII, p. 824 (1987), 3) "Gamma-ray Differential Attenuation: A Means of 
Measuring Atmospheric Thickness at Mars", 4th Inteml. Conf. on Mars, 
(1989), 4) "Gamma-ray Methods for the Measurement of Atmospheric 

Thickness and Surface Pressure at Mars", LPS XX, p. 687 (1989), 5) "The 
Identification of Lunar Rock Types and Search for Polar Ice by Gamma- ray 
Spectroscopy from a Small Spacecraft", accepted by JGR. 
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PROPOSAL SUMMARY 


PRINCIPAL INVESTIGATOR: 
(Name, Address, 
Telephone Number) 


Henry J. Moore _ 

345 Middlef ield Rd. , Menlo Park, CA 94025 
(415) 329-3175 FTS 459-5175 ~ 


CO-INVESTIGATORS : — 

(Name Only) — 

PROPOSAL TITLE : Viking Landers Beyond Sol 921 — 

ABSTRACT: (Type single— spaced within box below. Paragraphs numbered 

(a) through (d) should include: a. brief statement of the overall 
objectives and justification of the work; b. brief statement of the 
accomplishments of the prior year, or "new proposal;” c. brief listing 
of what will be done this year, as well as how and why; and d. one or 
two of your recent publications relevant to the proposed work.) 


a. Obiectives and Justification. This is a request for a renewal of a 
2-yr proposal funded' in FY89 _ i The objectives are to (1) acquire 
additional data on the distribution of surface materials at the Viking 
landing sites, (2) refine estimates of expected remote sensing 
signatures and compare them with the actual ones, and (3) finish writing 
a U.S. Geological Survey Professional Paper. A more accurate assessment 
of the areal distributions of the various surface materials will improve 
our understanding of the radar and thermal remote-sensing signatures at 
the sites. Documentation of the final phases of both landers is 
required for completeness. 

b* Progress. Two papers hAve been accepted for publication. Mapping 
of the far fields at the landing sites will start in June 1989; a 
proposal for the assignment of a Planetary Geology - Geophysics 
Undergraduate Research Intern to assist in the mapping has been 
submitted. A model relating the mechanical properties of soillike 
materials with their remote-sensing signatures is being developed, 
c. Work Plan FY 90. Efforts will be directed toward analyzing maps of 
the far fields of the landers, reestimating the remote-sensing 
properties of the sites, and completing the writing of the professional 


paper. 

d. Summary Bibliography . 
Moore, H.J. and Jakosky , B.M., 


1988, Rpts. PGGP . , NASA TM 4041, p. 188 


-190. 

Moore, H.J. and Jakosky, B.M., 1988, LPSC XIX, p. 800-801. 
Dale-Bannister, M.A. et al., 1988, LPSC XIX, p. 239 240. 

Arvidson, R.E., Gooding, J.L., and Moore, H.J., 1989, Rev. Geophys. 
Space Phys., in press. 

Moors , H.J. and Jakosky, B.M., 1989, Icarus, in press. 
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PROPOSAL SUMMARY 


Henry J. Moore — — 

-TI.S. Geological Survey, 34 5 Middlefield Road, 

Menlo Park., CA 94025 


Gary D. Clow 


Goldstone 1986-88 Radar of Mars_ 


PRINCIPAL INVESTIGATOR: 

(Name, Address, 

Telephone Number) 

CO-INVESTIGATORS : 

(Name Only) 

PROPOSAL TITLE: 

ABSTRACT: (Type single-spaced “ lth ‘" t P " a ?he P overall 

*• 

accomplishments of the prior year or ne^ P^P ^ ^ an d uhy; and 
^ rJZ publications relevant to the proposed 

work. ) 

correlate thl radar data with the 

l/iking orbiter images , (2) int p atip n „„ pote nti.l future landing 

. The results will be published on a timely basis, 

estimates. The result. S-cm depolarized echoes 

b. Progress : We have developed . » as a function of 

from Mars that accounts fo h matches observed echo spectra. 

iongitude along S an ^ deduced the 1,86 Goldstone 

set “i".;;:.™ sa-s 

curves with similar forms showing that 

s;,s:rs “-s-rirs»;r“ 

SSs £«srr. ssws~ - 

r^.n:i':-rrr".r 

See Bibliography for abstracts. 
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.. EROPOSAT, summary 

( ot more that 2 pages, including bibliography) 


TITI t S ? "Geomorphic Analysis of High Resolution Images of Mars 
and the Moon” 

gRiyciPAT. nmsns&xQR : Dr. Peter J. Mbuginis-Mark 

INSTIT UTION » Planetary Geosciences Division 

Hawaii Institute of Geophysics 
University of Hawaii 

None 

(Nanas only) 


accomplishments^ of ^tha^rior ° f “* WOr *’ 
proposal"; (c) listing of wSS wiU S dSSi ° r " n * w 

how and why; (d) bibliography. ona this year ' aa wal1 

s„!^»L T ^ h “'r S,i9al9 I* Smal, ‘ SCala <»">-'<i'°me.er) geomorphoiegy of the 
surraee of Mars, the Moon and Venus in order to constrain the geologic processes resnonsihia w 

.nXlJ aSStaaWr^ ^ a " d Campba " km * V °-> - ^ — 

SpsltTs 

k5S cHSHSHHs 

martian fluidized ejecta crater’s jtaLs 45 « ^ pa “ mei " , . a " d mod8s of formation of 
new 3-cm poianzl^ — *» 


as 
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PROPOSAL SUMMARY 


PRINCIPAL INVESTIGATOR: 
(Name, Address, 
Telephone Number) 


Dr. Ahobila Vajjula Murali 

Lunar & P lanetary Inst.. 3303 NASA RH . rw 
Houston, IX 77058, (713) 486-210 V m tV ,L . S20 < 


Co-INVESTIGATORS : 
(Name Only) 


PROPOSAL TITLE: 


RAMGARH CRATER, INDIA: INTEGRATED FIELD PETROCHFMTr at 

and geochronological investigations * ^ trochemi cal, 


taf thSunh ( Tn? k 1 ?i e 7 Sp f°! d beloW line * Leered paragraphs 
? ( f } . should include: a. brief statement of the 
overail ob 3 ectives and justification of the work; b. brief 
statement of the accomplishments of the prior year, or "new 
proposai; c. brief listing of what will be done this year, as 
well as how and why; and d. one or two of your recent publi- 
cations relevant to the proposed work.) 


Morphology and the available literature of Ramgarh Crater, India (25° 20’ N; 76° 37’ 30" 

E; located -50 km north of Deccan volcanic province) strongly suggest that itis an impact 
structure. 


a) We propose a multidisciplinary investigation of Ramgarh Crater to confirm its impact 
origin, age of emplacement, nature and composition of projectile and the target lithologies 
Proposed work involves both field studies and the laboratory investigations including 
petrography, microprobe, AEM, STEM, INAA and «> Ar/ 39 Ar age determination 
(incremental heating) techniques. This study would strengthen our understanding of the 
impact history of the Earth and help us to evaluate any possible temporal relationship of this 
cratenng event to the Deccan volcanic episode. 

b) . New Proposal- As this is a new proposal no work relates directly to it but our published 
work onLonar (India), Wabar ( Saudi Arabia), Kara and Ust-Kara (USSR) Craters and the 
Libyan Desert Glass (Egypt) may be considered. 

C )no^ € J >lan ( ieU . W ° rk ° nd sam P le collection at Ramgarh Crater, India before December 
1989. Two scientists from the U.S. (A. V. Murali and V. L. Sharpton, LPI) would participate 
m the field work along with the collaborator from India (V. K Nayak). After the preliminary 
follow OPhlC StUdl€S ’ samples would be identified for the proposed laboratory studies that 


d). (1) Murali, A. V., Zolensky, M. E. and Blanchard D. P (1987) Tektite-like bodies at Lonar 
Crater, India: Implications for the origin of Tektites. J. Geophys. Res., 2Z E729-E735 (2) 
Horz, F., See, T. H., Murali, A. V., and Blanchard, D. P. (1989) Heterogeneous dissemination 
of projectile materials in the impact melts from Wabar Crater, Saudi Arabia. Proc. Lunar 
Planet Scl Conf. 19th, 697-709. (3) Koeberl, C, Harrison, T., Sharpton, V. L, Murali, A. V., 

K (1989) The Kara W lJst - Kara structure (USSR) and their relevance to 

the K/T boundary event. Geology (Submitted). 
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Bruce Murray 


Caltech, 

170-25, 1201 

E. California Blvd., 

Pasadena , 

, CA 91125 

818/356-3780 


Co-INVESTIGATORS : 
(Name Only) 

PROPOSAL TITLE: 


Arden Albee 


Surficial Volatiles on Mars 


ABSTRACT: (Type single-spaced below line. . L f tte ^f d 0 ? a thl raPhS 

(a) through (d) should include: a. brief statement of the 
overall objectives and justification of the work; b. br j^ ef 
statement of the accomplishments of the prior year, or new 
proposal ; "°c . brief listing of what will be done this year, as 
well as how and why; and d. one or two of your recent publi- 
cations relevant to the proposed work.) 


ABSTRACT 

(a) Viking left unresolved the weathering and sedimentation processes responsible for the 
rhimistrv and morphology of Mars’ present surface deposits. In particular, many 
attributes of the martian surface testify to prolonged mechanical and chemical weathering 
to K srnngfy oaidizing, low temperature/presstue environment Water must some- 
how “in“lvld in these processes. The goal of our research ts to l^ner delmeate 
water’s role to toe development of martian surface deposits at present and to P“*\. 
Our lmi S'o develop hypotheses about near-surface water to any state, how its chenucal 
md mechanical activity tafluenced past behavior and large scale mass movements, and 
£ ^tot 7 maSn sod. We propose specific tests of our hypotheses by new orbrtal 

and surface observations expected in the 1990 s. 


(b) Renewal for 3rd year of 3 year study. 


(c) Two efforts are planned to be concluded this year. 

1 Definitive comparison of terrestrial and martian landslide moTpholo^ mid dis t ribut ,o n 
using Landsat and Viking Orbiter images, with supporting analyses of landslide 

mechanisms. 


2. Quantitative analysis of the atmospheric/soil exchange of water vapor including the 
effects of cold trapping due to local surface roughness. 


tdi Shaller and Murray, 1988; Shaller and Murray, 1989; Svitek and Murray, 1988a; 
Svitek and Murray, 1988b; Svitek and Murray, 1989a; Herkenhoff and Murray, 1988, 


Albee 1987. 
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PRINCIPAL INVESTIGATOR: 


CO- INVESTIGATORS : 

PROPOSAL TITLE: 


San’juan^Capistrano Research^Institute 

San ? Juan^ap is trano , California 926,5 
(714) 240-2010 

None 

subface properties of piahetary bodies 

'OSAL TITLE. eurface composition, 

OBJECTIVES : Study spectral 

charged-particle an Galilean and other P^ a ^® d a use i a b and 

surface P r .°P er lQ> conduct key experiment _nd^ undbased 

and especially * tQ interpret spa ^ eCra £ r> «.ition and surface 
thermodynamic data arrive improved compositio . _ 

observational data.^ derive l^P ^ Qther planetary bodies. 

process models f Qf vacuu m-veathered 

ppoGRESS : Experimental calorimetry * ^eric form of sulfur 

sulfST^ J- GOOding ? 'neT in lo sulfur deposits by repeated 

^ISSisSs 55S 

in^colo^and^pectra of sulfur^ predicts Interpreted new 

effects on Io when > UgU using ™ “o 

IR spectra of Io (witn ident ified absorption featur tiffle 

s0 2 t™ which ve attribute to H 2 S and lomponent on lo's 
spectrum whicn J-^esoread but largely transient cuy rig htening. 

surface^ and* ^Uta5S"SSu«l ’model on 

the 3 fundamentals "of 1 vacuum weathering (with S. Ba oga ^ ^ 

WORK ’theoretical 

vacu^S5«^rSf study of thermodynamic 

modeling of process on Io . < 2 > G ° ric and related sulfur phases 

properties of . vacuum-mature^ p^ym^^ on 1#b spectra of H 2 S/ q , | 

(with J._ =°ffi^Voerimental modeling of H 2 S Metical model 


mixtures “and experimental modeling of :V Metical model 

is ja.s-swas rr _ 

.gS-jS 

Nash & Moses (1988), va “ T( _ GEOPHYS. RES. LTRS . , 

?e^ufe%fe«s u and^ 

7 » 697 700. d spectroscopy of ai \. M989) , Vacuum- 

— phase 

^Ytionr ^ “«*■ SCI - 20 ' i6 °- 761 - 
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ooj 11 f ST Lawrence Li * e ™ re Natio nal Laboraco 
- • u. oox 808, Livermore, CA 5Z73TJ 

_(415) 422-7200 — — 


PRINCIPAL INVESTIGATOR; 

(Name , Address , 

Telephone Number) 

Co-INVESTIGATORS : 

(Name Only) ~ 

PROPOSAL TITLE: sprues q { Planetary Flulda ~ ~ ^ r .. 

^^u g h < ^.ho;?d*inSSdt b : lo rJ i ?*v L ; tt * r ‘ d p«^« Ph3 

overall objectives and jSti?iCa?ion ° f 

statement of the accomplishments o?^ a.J? 5 WorJc; b * brief 
proposal;" c. brief listino S? p 5 ior Y**r, or "new 

well as how and why and a* °5* h t 4 . Wi11 ba done this year, as 
cation, relevant & the p^posed^or™ ° f 7 ° Ur re ° ent publi ’ 


electrte^conductivi^and °Sck TemoSSST of equation-of-state (EOS), 
interior: of^ jw tea c'<2S w * "V 5 * th °“* ht to adst in tte 

calculations of the magnetic fields of llrami/ aw ** n * ed ? d for dynamic or kinematic 
EOS am. shock- temperature 0 ^ta^e^needSTto^vahWate aiem^ricri'EOC tUr d*f ^ 1 ° C ^7 WaVe 

■Su^S C - ttV ‘ ty ° f interes? 0 ^^^ 1 ^ 

(b) Progress : New Proposal 

shock temperatures of Uqu^H2°^' ctoiSlfrSS'ras ^tatT'f ^ 00n ?* :t j vi t“s and 

» 5rss?gi & £r t "nss 

MitchS. J and e v?'N?col C ^ ^^TN^e^f 0 ^ 01 ^’- H ‘ r* Radousky * F - H - R«. A. C. 
Planetary Ices at High Dynamic Pre^ffe/'^SciwiM^O^TS^-TSl^iwsf. 886 ^ 00 ° f 
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Ph-ilio D. Nicholson 



PRINCIPAL INVESTIGATOR! 

(Namm, Addr««« , 

Telephone Number) 

CO-INVESTIGATORS : 

(Name Only) 

PROPOSAL TITLE: 

ABSTRACT: OTP. 

(a) through <d) should J"®^?^ation of the work; b. brief 

ssii- » 

SS!T» h:« C ;n5 r i;5> ind d* «-•£*»•* ” 

cations rslsvant to th. propossd work.) 


(a, Objectives: To " 

^ mages of tbe Keeler Sap 

(b) Progress: (1) Analyzed several s '“ °^ ^ cant (lo Ion peak-peak) 
in Saturn's outer A Ring. *> have ^“"disilnct wavelengths: 7 degrees and 
variations in all images, b ctellar occultations by Neptune in 

17 Hparees. (2) Reduced data from »e a 1 at a ra dius of 

and 1988, and found evidence ^°IJ\ g n * r g n t state of observational ® viden £® 
34900 km. Wrote two reviews on th theoretical models proposed t0 . d ® s ^\ 

fn. »». - - 

improved orbital periods. , . of the c Ring, by 

( C ) Hew work: (1) Complete the photometnCs ^ obui „ed from Voyager 
fitting scattering models to the br g lta ^ on by Saturn s ring of 28 

mages 9 (2) Analyze observations of ^the^occul tat _n^ ^ dels for 

Sgr to be made in July 1 989 » rharacterize the cm-scale size 
variable-radius features and to ‘e Jo me^ge ground-based occultation data 

and^any^close^satellite^above 200°kra a in Simeter, and of Saturn's rings 

Td) Bibliography': Nicholson and /contributed 

papers pSSSSd^ SS’tSS’wfei and OPS (Oct IMS) meetings. 3 invite 

colloguia.) 
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Co-INVESTIGATORS : 

(Name Only) 


Peter L. Olson 

The Johns Hopkin s L T nivprgj r 
Ba ltimo re , Mar yland 2121R 

TTlil) 338-7707 UJJL - 


y. 


PROPOSAL TITLE: in ihe .. 

cations relevant tJ'tS? prcp^jSoS?, y ° Ur reCent publi ’ 


mechanlcs^f 3 SrUdu^p^enn" th^Sef 0 ^^ C ° investi g ate the 

mantle plus the formation of melts and their percol^ fl °v ° E the subs °lidus 
subsolidus matrix. This model will ho P erc °lation through the 

to problems of hotspot- tyJe voXciiLm in t flcientl y general to be applicable 
intend to use the model t£ determine the planets - Second, we 

conductive surface heat transfer associated uit^ lm P° rt ance of magmatic versus 
the Earth. In particular, these calculations shouT^h*! plumes on Venus and on 
controversy regarding the importance of ^ help resolve the 

budget in the interior of Venus. magmatic heat transfer in the ener gy 

(b) progress report 

ical mode l^f 0 ^ thermal C plumes S which° explicitly' incl^d^* T* 3pplyin S a numer- 
of melt formation, solidification and percolation' ^ ludGS the “ ech anical effects 

comparison of laboratory’ and^^erical^x formation and lithosphere erosion- a 
15065-15084, 1988. numerical experiments, Geonhvs Res , 93 _ 
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~--- F nf** che'ni * "'“hT---'"" la ~ 132 

” 600 Holloway twenue, S 


r 0 rf L. Roush, — , constants JT Hvdraces , 

b^ - tTT -I^GK s*?f aCC 

«“» paragraphs 


V IT T I I bpeCLLO 

PROPOSAL TITLE: cation o: ll>eite paragraphs 

abstract: (XshSd*l^:^"ri.^«^f b :^^: t 

^er^°o’jec^ves ^ tae prior ss 

SSSS- 1 . 1 tflj? - -r^S X o recent puhU- 

S&S rel evant^to' the proposed 


— , , _r volatile-bearing com- 

- ^ 

in, information rc,ardins the •■***• “J of M» is*-*. “>• JTT^Wto 

oonco of delta and enhydn.a, »«“>«»' * . ,,. 25 (U n) optitj oonatanu foe m 


themartian atmeaphara. Th. poktioo ol tea “*T” ~7^ M ^ ometl, rely upo. ophem 
in distorted tryetaUojraphic ““*• m, mineiale * itl> dieted eitee. Tie 

ennatantt of calcite and anhydrite, neither of whi . 2g \ opt ical constants for more per* 

^ T!lL nroooeed research is to derive the infrared (2.5-25Mm) P ^ carbonates; 

goal of th® propoofrfi > rpy mAtari&ia includ® • ljhydro «nH 

tinent volatUe-bearin* ^fj^^^^d/or hydroxylated riUcates; and 4)hydrous and 
2 )hydrous and anhydrous sulfates; 3)hydraten an / 

^nhydroua nitrat®®* . . . 

>• Si 

- ** 5 i.rSTa pike!-, pe.- 

a «- cor- 

i B. Pollack, C. State, - P ‘“'^ 

Science Conference A.A., una 
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Steven J. Ostro 
300-233 

Jet Propulsion Laboratory 
Pasadena, CA 91109 
918 / 354-3173 


TITLE : 


asteroid lightcurve inversion 


abstract 


i»ve Isi0 

cpi 

the equals c “? C ° nvelt «»v.lopea of all the S' * =° n ™* profile equal tl 

r “ *« opposition lightcurve 2 ‘ D 

yrelae the sprite* „ea„ e «L *» “* —»*>£ a» d Sj"' 

a. 


PresentT^ ' as A a ^comprehens i ve ° 3t r ° ^ al * 1988 ' Icarus 75 , 30 - 63 ) 

inclSng°"i°°cijJ£' and re P°rts many y 0 f b °he 1984-88 r ° id f ightcurv e’s 
simulations based^on^ 10 ? ° f 3ystematic sources of error* 1 tS ? f thiS resear ch 

ess-. -* 

mathematical tools f of ST w£ 2 ET 8, ' ■ ^Lpm ^^ 6 Weighte< 

SS; Uv) n ^erical calculation of ^ com P ari son of convex 

the P» ya -al meaning of shape av S “ Ct, “ 1 3 " D 

and/or £ s for selected asteroids. P * avera ^s; and (v, estimation of 


Icarus 75, f 30-63 nVe 2r°o ° f Asteroid Lightcurves • ^heo/™ 1 h' D ° r ° gi (1988 > • 
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PRINCIPAL INVESTIGATOR: E. m. Parmentier 

(Name, Address, Department of Geological Sciences 

Telephone Number) Brown University (401 ) 663-3338 

Co-INVESTIGATORS: None 

(Name Only) 

PROPOSAL TITLE: Planetary Geophysics and Tectonics 


Abstract 

Research funded by grant NSG-7605, representing work that we will complete during the 
current 18 month funding period 3/1/87-9/31/89, has focussed in the following three areas, (a) We 
have predicted a relationship between the wavelength, which could be expressed as either the width 
or spacing of tectonic features, and surface elevation (1). This is a consequence of the dependence 
of both the density and strength stratification, which control the isostatic elevation and dominant 
wavelengths, respectively, on temperature distribution and crustal thickness. There is a 
preliminary suggestion that the type of correlation that we predicted can be observed on Venus, (b) 
Convection in the interior of a planet is ultimately responsible for long wavelength topography and 
tectonics at its surface. In the terrestrial continents, with a thick granitic crust, and on Venus, 
where the surface temperature is high, the lower crust can flow in response to forces exerted on it 
from a convecting mantle beneath. We examine surface topography and deformation due to 
convection beneath a ductile crust and consider the implications for the origin of Venusian 
highlands, (c) We have also formulated a finite amplitude necking model for the evolution of a rift 
zone that forms by faulting (2). This model illustrates two important aspects of rift evolution that 
previous models do not explain: the narrowing of a rift and the finite strain that accumulates as 
extension proceeds. This explains important aspects of terrestrial rift zones and the Beta Regio rift 
on Venus. 

We propose three new studies, (a) To understand the formation of rifts, it is necessary to 
consider how a rift develops along strike, This along strike development can be envisioned as the 
propagation of a crack into an elastic plate. We propose to continue our studies of rift propagation 
by treating the rift (crack) as a region of finite amplitude necking. We will also study the role of 
buoyancy forces in driving rift propagation, (b) We also propose to study the role of 
compositional buoyancy due to partial melting and melt extraction in the structure and evolution of 
mantle plumes. Dynamical behavior resulting from the combined effects of thermal and 
compositional buoyancy (3) could have important implications for the formation and evolution of 
swells on Venus, Mars, and the Earth, (c) Finally we propose to develop plume models to examine 
the formation and evolution of swells on Venus. This will allow us to correlate geophysical data, 
such as the height of swells and their apparent depth of compensation, with geologic data on 
volcanism and tectonism. 

References: (1) Zuber and Parmentier, On the relationship between isostatic elevation and 
the wavelengths of tectonic surface features on Venus, submitted to Icarus, 1989. (2) Parmentier, 
Stofan, and Head, A finite amplitude model for the formation and evolution of rift zones: 
application to the Beta Regio Rift, Lunar and Planetary Science 18, 764-765, 1987. (3) Sotin and 
Parmentier, Dynamical consequences of thermal and compositional density stratification beneath 
spreading centers, submitted to Geophys. Res. Lett., 1989. 
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PRINCIPAL INVESTIGATOR: Chris W. Patterson 

Los Alamos National Laboratory 
Theoretical Division, MS J569 
P.0. Box 1663 
Los Alamos, NM 87545 
Telephone: (505)667-2097 

COLLABORATOR AND AFFILIATION: Dominique Spaute 

Planetary Science Institute 
2030 East Speedway Suite 201 
Tucson, AZ 85719 


RESONANCE ACCRETION IN THE SOLAR NEBULA 

(a) Objectives : To model the accretion of planetesimals at orbital resonances of embryo 
planets. We will include the effects of resonance splitting due to the induced precession 
of orbits by the solar nebula. We shall also model planetesimal collisions within the 
resonance zone. We will determine which resonances lead to collisional disruption and 
which lead to accretion of planetesimals. We hope to demonstrate that resonance splitting 
and planetesimal collisions within resonance zones can enhance resonance capture and 
impart prograde rotations to accreting embryos. 

(b) Progress : See Appendices A & B. 

(c) Proposed Work : It has been shown that orbital resonances can trap planetesimals and 
prevent their decay due to gas drag in the solar nebula. Such resonances also damp the 
motion of planetesimals so that they converge to the same orbit with the same phase. We 
now use an effective potential for the solar nebula which causes the resonances to split. 
We will also use additional damping terms to describe collisions within the resonance and 
compare with many-body trajectories using effective collisional cross sections. By includ- 
ing planetesimal collisions and solar nebula splitting we can more accurately determine 
accretion capture strengths and time scales. Preliminary work has already shown the res- 
onance accretion will lead to prograde rotations. This work allows us to determine the 
efficiency of converting orbited to rotational angular momentum in the resonance accretion 
process. 

(d) Bibliography : S.J. Weidenschilling and D.R. Davis (1985) Orbital resonances in the 
solar nebula: Implications for planetary accretion; C.W. Patterson (1987) Resonance 
capture and the evolution of the planets. 
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PRINCIPAL INVESTIGATOR: 

(Name, Address, 

Telephone Number) 

CO-INVESTIGATORS : 

(Name Only) 

PROPOSAL TITLE: 

XBSTfUCT: (Type 

(a) through (d) should include^ the work; b. brief 

overall objectives and J"®!i|nts of the prior year, or "new 
statement of the ■ i®^of what will be done this year, as 

ssrs 1 ^ 0 ^. 1 ^ * our recent publi ‘ 

cations relevant to the proposed work.) 


a. The overall objectives are of various reso- 

configurations leading to constraints or i their foster ^ develop techniques 

Constraints on nebular models affecting 

rates of planetary accretion are also song comet , has been completed 

b. Progress: A paper ” On the comments and resubmitted, 

and submitted to Icarus , revis , 3 are obtained for a variety of parameter 

Although reasonable densities near g/ n . n constraints on the density cannot 
values, the uncertainties are such t A pap er "Some unsolved problems 

be established by this or been accepted for publication in 

in evolutionary dynamics ^ of Halley ’ s comet" has been accepted for 

Celestial Mechanics. A paper Rotation ot n J d 

publication in Icarus. Abstracts of these papers a d to write a 

c. Proposed work (Over a period of more than on J ) f -Astrophysics 

short chapter on the rotational properW J that detailed in my full 

Encyclopedia" . Otherwise, the proposed work density of Halley s 

SSS-T submitted las. fall with the «c«pt,cn of t ^ mc rings of Neptune 
comet which has been completed. Th Ariel/Umbriel orbital resonance, effects 

possibility of a disruption of Sen theory and observation for 

tteGaliletn satellite system, “Steroids, 

effect of nebular dissipation on the amphtude o ^ ^ ^ Uranian 

d. Recent publications: Pea ®, • A g j an d Lissauer, J. J. U 989 ) The 

satellite system, Icarus 74, 153 171. > (1989) Some unsolved problems 

rotation of Halley’s -met, Icarus In Press. Peale, S. 

in evolutionary dynamics m the “Emitted to Icarus. 

J. (1989) On the density of Halley s comet, suomit 
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PRINCIPAL INVESTIGATOR; 

Roger J. Phillips 
Southern Methodist University 
Dep ar tment of Geological Sciences 
Dallas, TX 75275 
(214) 692-3196 

CO-INVESTIGATORS; Robert E. Grimm, Southern Methodist University 
PROPOSAL TITLE: Planer Interior Modeling and Tectonic Implications 


ABSTRACT; 


evolution and the tSoS^volutkl?^ between *e thennal 
mclude analysis and interpretation of Venusian gra^hTdat^nH , Clfic objectives 
Venus with emphasis on convective stress couDHn^ rS ,5® “ d tectoruc models for 
detachment tectonics, the develonment nf th e lithosphere, models for gravity 

lithospheres using a two-dimensional thin vi^, s shm defoim ation of 

asteroids and meteorites. viscous sheet model, and the thermal history of 

out a preliminary analyst fo^terr^tri^ oceanic "litho ^ tiatio ,? thrusting and carried 

modeling and interpretation of Bell Regio and Tellnc rF ^ ^ Completed preliminary 
and Phillips , 1989]. 3) Carried out new aSts^ r ^f° ® n0malies 

stress coupling paper [Phillips, 1989a, b], 4) Fom^iktedS^ ° "T ° f convectivc 
nuKiel for application to tectonic deformation oSSf? ele ment thin viscous sheet 
c. Proposed work:. 1 ) Test hvnnthpcic n f „ °* - Laks ™ IU Planum on Venus. 

gravity detachment model foF Venus by cmySeoufS- COU P ling : 2) Complete study of 
tend work on the initiation of subductaohnfst 7auhO I hT ?, ° niU M analys ' :s - 3 > Ex ~ 
rheology and extending analysis to Venns 41 t!L n ‘nV?. mc0I P 0ra, “>8 elastic/plastic 
localities on Venus. 5, Test fomat.hn of pEf' 0 " 5 .■“*?■* resul,s « other 

sheet model. 6) Analyze thermal evoluti™ o^st^T "i (x ’ y> ,hta viscous 
unipolar dynamo induction heating. asteroids and meteorites considering 

revision; 2^btmcXp^bl'ishedfl seSrgf,^” P"“is*>«i; 1 P a P" “> P^s; 1 paper in 
Finnerty. A. A., R. 1. Phillips ^ “ '"“*■8* eg 

sion for/. Geophys. Res., 1989. ° n V nus ‘ 1 ^^ysis, reviewed and in revi- 

hypothesis for Bdl Reg^Ven^/ScYY f Tp? ling for a thermaJ isostasy 

1028-1029, 1989. ’ SC Lunar md Planetary Institute, Houston, 

pffiSyLri dynamics ^ Venus ’ LPSC Lunar and 
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PRINCIPAL INVESTIGATOR: 
(Address, Phone) 


Dr. Carle M. Pieters 
Department of Geological Sciences 
Brown University 
Providence, RI 02912 
(401/863-2417) 


TITLE: 


REFLECTANCE EXPERIMENT LABORATORY (RELAB) 

. . • r~ . . : f V-wa u/niV' 


NAGW-748 


ABSTRACT: a. bnef s^nen , - — ^ 

, . nasa tacimy 

a) The Reflectance Experiment Labour , ££% a“dVpS^R^ 

maintained at Brown University. bidirectional reflectance spectra 

cnprtrometer is to obtain precise, high spectral re laboratory is the ability to obtain reflectanc 

Senear-infrared. One of the key elements ^JSSows investigators to simulate, under 
measurements using viewing geometries specih y obtained remotely (i.e. with telescopic, 

Sued laboratory conditions, reflectance s ^^SrefleCTance properties of materials can also be 

in current programs and on future missions. . between Solar System Exploration Division 

The RELAB is maintained under a cooperative ^ Under this arrangement a portion o 

and ™Land Processes Branch of Xams on a no cos, basis Research topics 

RELAB time is made available to researchers in funded by NASA separately. Since advanced 

of^investigators using the RELAB are 

spectroscopic sensors will be the comerstone o incorporate spectroscopic data into their ongoing 

Srangement is to allow a larger number of ^e^hore ^ rseen by a RELAB advisory committee 

research efforts. Use and scheduling of the b^ratoiy d Users Manual is available and 

" S options for transfer of data after 

m^iu'ement (users do not necessarily need to be present). d applications in both planetary and 

meas^ement (use £ ^ ^ dual invesugrs mdudes c. noeaflP^ spectroscopy n ecess ary to 

terrestrial studies. Topics have also included basic rerearcr A ^ management system has 

imderstand the complexities of how lighv interacts wxArmmrd ^ atted catalog ue of individual sanples 
been developed and implemented that relatesRELAB^K _ 2594 spectra plus 4961unar 

2d their physical and chemical properties. The RELAB ned in ^ l97 0"s. The combined 

spectra from J. Adams and 178 meteonte spectra formation. This lays the groundwork to 

sample catalogue contains entries for 1741 . . Dr0Dert ies of materials measured in RELAB. 

Sy locaB fpecra. Copies, and -to areas on a flun-secuon Correcnon 

New capabilities now exist ,o obunn bi^ect^P ^ slimdarll halon a, high phase angles, 

factors are now available for the non-Lambe , , acauisition of high quality laboratory data 

c ) ¥hc largest RELAB activity will continue ^ a* well as further development and 

NASA investigators. This includes m ^^ C ^:fSrities^ RELAB instrumentation and analysis 
management of the RELAB database an id dau maty w 5 act adyanced ^ era through equipment 

capacities will be substantially expanded to meetthe ‘ n ^* NASA ^ Brown . A FTIR instrument which 

0.45 Ao pm w,u be insulted end shordd be operouonsl 

-T^ons of research efforts are 

S.tSfmSSE o", database managemem. d,g,ud dau, oansfer. and useful darn 

examples. 



PROPOSAL SUMMARY 


E 5TIGAT0R ' Dr- Carle M. Pieter 

' ■* Depanmem of Geological Sciences 

Brown University 
Providence, RI 02912 
(401/863-2417) 

TITLE: tj c . 

'° Ge0 ' 0giCal 
«** b. brief statement 

why; and d. recent publications relevant to the pressed torkT^ ^ ** ^ *“ year 35 wel1 35 how and 

composition of JM^to^e^rinformati Se£ \ ^ ere to determine the 

evolution of the planetary body. This nrotn-am nn 000 }° unders tand the geologic 
spectral reflectance measurements which Drovide . !? centr ^ tes largely on the analysis of 
unsampled surfaces. The reflectance exHerim^mi a ^ ormam ™ £? rmneral composition of 
spectral properties of planetary analogue^aten^s^u^r ?^ LAB) 1S used to measure 
measurements. Controlled experimems a^oerfmrn^ com P arable to remote 

to develop analytical models and to undersold Ikf? • provide laboratory data necessary 
geologic materii. A cornerstone of ° f i OW light “««“» with 

is the integration of observational, laboratory & and theorerirfr^ studjes . of planetaiy surfaces 
areasof research are included in this singlewoposal. ^ investigations. Several diverse 

for the Mw/mvedsl “L*® inte / ior ’ analysis of reflectance data 

by the crater BulHaldus, for example rontams Kghland material excavated 
which are gabbroic and the Upper of 

^” e 5^ K . h . a ? ** Published and we have 


Tsarev meteorite has been published and we have coUected y» ' ys ™° f tbe hl S hl y shocked 
similar smdies.. Although a variety of quantitative nlirtSfc? re S obth ; rel fed meteorites for 
have been pursued, we have developed^nd successfiin!^/? ° f absor P ti on bands 

for mathematical deconvolution of absomrinn f^5 Uy t ed a S1 g mfi cantly new approach 
for electronic transition absorptions ^ features using a modified distribution model 

-oSSfSa rS^S ?. 1 dm ? *• -ure and 

information, such as the composition ofolivte at fw* 0 ” ° f % ua " titative compositional 
of analytical techniques for compositional info^ri (2) Develo P m ent and testing 

olivines and pyroxenes. (3) Regoluh processes^i^S!^^ 00 , 011 : Em P hasis will be on 
record Emphasis is placed on identifying processes resnonSh? d f env f 1 from the meteorite 
spectral character of surface re^olitlw Re?oIirh d^i P W f ° r , alteratlo n the resulting 
also continue to be explored (4) Lahoram™ ? de y elo P m ent on Mars and the Moon will 

assSH s 1 " 
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PROPOSAL SUMMARY 


PRINCIPAL INVESTIGATOR: 
(Name, Address, 
Telephone Number) 


James B. P ollack 

NASA Ames Research Center, M. S . 245-3 
Mol let t Field, CA 94035 (415) 694-553~0 


Co-INVESTIGATORS : 
(Name Only) 

PROPOSAL TITLE: 


Ted Roush 


Studies of Surfaces and Rings 


ABSTRACT: (Type single— spaced below line. Lettered paragraphs 

(a) through (d) should include: a. brief statement of the 
overall objectives and justification of the work; b. brief 
statement of the accomplishments of the prior year, or "new 
proposal;" c. brief listing of what will be done this year, as 
well as how and why; and d. one or two of your recent publi- 
cations relevant to the proposed work. ) 


a) The purposes of the proposed research are to define the properties of solar 
system surfaces and rings and the processes that affect them, b) Recent 
accomplishments include: 1) Obtaining thermal emission spectra of Mars in the 
5.4 to 10.5 micron spectral region and tentatively identifying- features due to 
sulfates, carbonates and hydrates. 2) Defining the requirements for a sustained 
wet, warm climate on early Mars. 3) Estimating the mass fractions of water ice, 
hydrated minerals, and opaques on Callisto's surface. 4) Determining the wind 
stress pattern across the Martian surface with a gerneral circulation model (GCM) . 
5) Characterizing the particle size distribution and spatial distribution of 
Saturn's F ring. c) During the next year, the following research is proposed: 

1) Carrying out a detailed modeling of the Mars thermal ' emission spectra to 
further assess the identity of the feature-producing materals and establish 
abundances. 2) Analyzing Voyager images of Callisto to determine the spatial 
distribution of albedo units for use in modeling near IR spectra. 3) Performing 
an in-depth comparison of GCM wind stresses with aeolian features, including 
streaks. 4) Analyzing images of the shadow of the F ring on the satellite 
Epimetheus to bound this ring's inclination and thickness. 

d) Pollack, J.B., Kasting, J.F., Richardson, S.M. and Poliakoff, K. , (1987). 

The case for a wet, warm climate on early Mars. Icarus , 71 , 203-224. 

Pollack, J-, Dalton, B. , Roush, T. , Stoker, C. , Witteborn, F., and Bregman, J. 
(1989). Airborne observations of Mars' thermal IR spectrum: evidence for 
sulfates, carbonates, and hydrates. Presented at 4th International Mars 
Conference. To be submitted to J. Geophys. Res. 
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NASA/Ames Research Center" MS 245-3 
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Co-INVESTIGATORS : 
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Patrick. Cassen, William Cabot and 
Kevin Thompson 


PROPOSAL TITLE: 


Protostellar Disks and the Solar System 


ABSTRACT: (Type single-spaced below line. Lettered paragraphs 

(a) through (d) should include: a. brief statement of the 
overall objectives and justification of the work; b. brief 
statement of the accomplishments of the prior year, or "new 
proposal;” c. brief listing of what will be done this year, as 
well as how and why; and d. one or two of your recent publi- 
cations relevant to the proposed work.) 


(a) The purposes of the proposed research are to derive improved para- 
meterizations of key physical processes operating in the solar nebula 
(e.g. turbulence), to model various stages in this accretion disk's dev- 
elopment and evolution, and to derive observational constraints on the 
nature of the early solar system. These efforts are directed at con- 
straining theories of the origin of planets and satellites. (b) Key 
recent accomplishments include: 1) conducting initial numerical sim- 

ulations of turbulence for conditions relevant to the solar nebula; 2) 
constructing models of the solar nebula in which the inhibiting effects 
of low optical depth and the solar luminosity on thermal convection and 
and disk evolution were simulated; 3) simulating the formation of a 
nebula disk from a collapsing cloud and examining its stability charac- 
teristics; 4) constraining the oxidation state, ice to rock ratio, and 
the C content of planetesimals in the outer solar nebula. (c) During 
the forthcoming year, we propose to: 1) continue our numerical simulations 
of turbulence with emphasis on the effects of rotational shear and in- 
cluding density stratification; 2) study the evolution of the solar 
nebula when it was tidally truncated by one or several giant planets: 3) 
simulate the exchange of angular momentum by gravitational torques be- 
tween a rapidly rotating protosun and a nascent solar nebula; 4) conduct 
initial studies of the destruction of interstellar grains as they transit 
from an infalling molecular cloud into the forming solar nebula, (d) Cabot, 
W. , Hubickyj , 0., Pollack, J.B. , Cassen, P. , and Canuto, V. (1989). Direct 
numerical simulations of turbulent convection I. variable gravity and 
uniform rotation, submitted to Geophys. and Astrophys. Fluid Dyn.; 

Simonelli , D. , Pollack, J.B. , McKay, C.P. , Reynolds, R.T., and Summers, A.L. 
(1989). The carbon budget in the outer solar system. Icarus, in press. 
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Dr. Carolyn Porco 


PRINCIPAL INVESTIGATOR: ■ L n ar and planetary Laboratory ’ 

(M, Address, ■ g Arizona, meson, AZ 85721 T 6 02 ) 621-2390 


st-ndies in Planetary Rings 


Telephone Number) 

Co-INVESTIGATORS : 

(Name Only) 

PROPOSAL TITLE: 

ABSTRACT: (Type ® in ?j e 7^?^g. b ^ 10 b r ief e statement^of a the r ? 

(a) through (d) should t he^ work; b. brief 

overall objectives and justified tioi a of or « n ev 

statement of the accompli shm will P be done this year, as 

SX^iow 0 ;^; end d 9 one or two of your recent publi- 
cations relevant to the proposed work.) 


a. Objective ^ i) Use Voyager data .to ^ 

possibly the enhanced Voyager reds, scattered signal reeoved from 
h. rr^ i) Computer 

spokes throu 8 h Saturn e shadow on rings Due .j, lh „ e wit hin SKR-active 

emerge significantly enhanced m «« “ d *■’”.£« .poke occurs in 

sector of magnetic field. It appear, that the m>P™t£g •* * P , ttldy . Disc o». 
shadow. U) Completed reduction of images for A'lugbrigfi / w „g ard less of 

ered that phase of brightness variation is invariant with respect toh * modelling 

phase or emission angles, an observatson not published b fora Abo.pKl'™ ^ ^ by 

results show that the asymmetry can e exp sine -j-\ Discovered that planetary 

Man and Toomr. (1964) in “ succeeded in obtaining 

acoustic oscillations may excite eccentricities m planet y g , ) undetected, 

Voyage, image, of solar system determined. 

UDDer limit to the amount of fine material l/i) m the Danas nas 

£5 

rings and geometric ray tracing code o TVmpa of Ames Research Center 

creation/rejuvenation of .poke, a. they pass through Saturn , shadow, 
d. EuMicotigns : Porco, C.C. (1988). Eos, 7Vaiu. Am. Geopiys. U«.«» 69 . 391 ' 

C.C. (1989). Advances in Space Research. In press. 
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PRINCIPAL INVESTIGATOR: 
(Names, Address, 

Telephone Number) 

CO-INVESTIGATORS: 

(Name Only) 

TITLE: 



r namics 


brief statement ofThe ovCTa^^^^ a nd e t u iffi te ’^ d P a ”6 ra P hs * a) through (d) should include: a. 
accomplishments of the prior k , 

well as how and why; and d. one or two of your^ecen, puWiotioro^elevant'to the^poposoi^work^^ 3S 


A. The long range goal of the proposed research i* r n a 

and e d nin8 * eq i ati ° nS Snd P arameteriza tions for the chemical 6 ° P 
from P roce — that control crystal fraction"-^ 

a^d layer^u n of”t^ S l' y ‘“" C ° * ddr '»« th. foratarion 

separately X'^STuSSi; ITlly “ 

JE'&r.ra r^j-HLiFSIie 

and materia Improper ties ^o^both^crysta Island V U*™ equiUbria 
proceeds. crystals and melts as crystallization 

B. New proposal. 

sett 1 ing h ( or 1 floating) W in W an^otherwis ^quiescent ^fluid (melt') 1 

MS5L.7S £' ^ ™ 

by matrix deformation. Also in the first yea^ « «U de.eUu 
the neccesary representations of the phase eouilihri* a 1 P a , 
properties of crystallizing basaltic melts. material 

in'T^Irr for «««* 

£ggbys Aes. Lett v 15, p. IM-UerTcllrlT^'"’ 

•ourci, Hn ^e a ss) n dGR RemiCal ° f ">“*« * heterogeneous 
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rTiflP9ffMi summary 


PRINCIPAL INVESTIGATOR: 
(Name, Address, 
Telephone Number) 



Co-INVESTIGATORS : 

(Name Only) 



PROPOSAL TITLE: 


t nvpsti aations of C omoarat i 7 ® 
■* a - s — ‘ Planetology 



ABSTRACT: (Typ« • b ^°briif*it«Im«n° d o? thl P 

statement of the accompli f what will be done this year, as 

snrn^nri^^ - « -, of your rec * nt publl ‘ 

cations relevant to tha proposad work.) 


a. A combination of laboratory studies Ll° the emission 

hydrocarbon ices, and applications comets Studies of cometary impacts, survivability of 

spectra of the organic gram ^ numerical simulation of large 

organic components, and implications for _t th ’ L boratory bidirectional spectroscopy of 

STs u’i^^ of photoclinometric techniques .0 nonun, form- 

albedo cases. 

, t mc rH clathrate residues (Khare et al., 1989); further 

b. Analysis of infrared spectral (Chyba et al., 1989a); 

applications to the heliocentric e ^° impacts and implications for organic delivery 

initiation of detailed treatment of cometary i p q a „ ics by oxidants in the Martian 

(Thomas et al., 1989); de . mons ^ rat101 " ? f J?tdized deDth (Chyba et al., 1989b); measurements of the 
subsurface and latitude depends ce : of ° xl ^ t f® P tion ( of possible orbital dynamics and state for 

Tri to n C ( Jardc ow s kTe t 'aU 1989); definition of ^oiwtraints 

Z'soX laboratory data relevant to radio/radar studies of 

Than and icy saturnian satellites (Thompson and Squyres, 1989). 

c. New laboratory experiments on the ^-“arbo^fm Zlpp.itSofSS “* 
clathrate and H 2 0 ice containing other emission spectra; completion of detailed 
properties of ice-irradiation organ _ . -nd contributions to the primordial organic 

studies of cometary impacts on the early Eart ... • exte nsion of Martian oxidant 

inventory, including dense -atmosp ® r ®.5 as i e ^’ j and publication; publication of Triton orbital 

of impact processes for genera, cases ustog 

smoothed particle hydrodynamic method, 

d. Khare e. al. (1989). Solid organic 

H,0 and H 2 0/NH, ices: Infrared spectroscopy and las \ c cometar y spectra: Results from an 

organic' grain ‘^mpson (1989). Triton: Constraints on the atmosphere 

and surface, attached, and other references above. 
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u - s - Geol ogical Survey. MS q 77 
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— Roger Clark 


PROPOSAL TITLE: 


.Mid-Infrared Spectrosco pic Invest! gatjpn 


(a) trough 7drshoSld e I^lSdf • b a l0 brie? e ' t L * ttered Paragraphs 
overall objectives and ! f .f tatement of the 

statement of the accomplishmf^s o^thf W ° rk '' b ’ brief 
proposal;” c. brief listina of uhst i^fi P £ 10r year ' or " new 
well as how and why; and d ? one or two^f^ d ° nG thiS year ' as 
cations relevant to the proposed work ) recent publi- 


spectrometer or mul tisnectr^i ^ thermal infrared has led to an inf 
the Russian Vesta probe and Pla " ned for 2serv“ eos^Th 

while, ground-based thermal inf P ° S ® d for a luna r orbiter mission m p nd 
the Moon and asteroids Thecrp ^ are , measureme nts are underway of Mp San 
library of thermal s^ct^LTt the ^ ’ 

spectral'sr^" 8 ° f the effects of diff^enTsDacf minerals and rocks and 
t? is tL SlgnaCUres t0 interpret current and fur, en ^ ronme nts on those 

b Th UrP ° Se ° f tMs resear ch to provide this 6 ° b f rvation al data, 
b. This is a renewal proposal for 6 thlS needed capability 

ors„nd ha a S „d eS,ll i ed " o f f ° a r librarv^of^th dUrl "« the ^ «1* 

of t„ Paper 3 P i«: d p U ; e % t L‘ S d n :^ f ™f P..-oeptance *»? PUbUcalioX^cT 

sedimentary rocks fSr future I S ff" 6 SU ‘ tes of *«^rpMc and 

o ;° - -- 

is--: : Sn 

Salisbury J W n n w u t , ’ 

13.5 pm) spectroscopic remote sensiif 'of ' M9 ’ Therml infrared (2 5 to 
one .ary surfaces: Jour, of Geophysical LT^tn^e^ Pontieuiate 



PROPOS&T. summary 



PRINCIPAL INVESTIGATOR: 

(Name, Address, 

Telephone Number) 

Co-INVESTIGATORS : 

(Name Only) 

PROPOSAL TITLE: 

ABSTRACT: (Type th ® 

(a) through (d) should ^^^ation G f the work? b. brief 
overall objectives an j t _ 0 f the prior year, or "new 

statement of the accomplish] men ts f t P done this year, as 

proposal?" c. brief listing t ”^ f your recent publi- 

well as how and why? and d. one < y 
cations relevant to the proposed work.) 


a. ObjictTviT^ ^^^^^l^^^g^'Vv^fpfoneer^enusI^Ind^Earth-basedradar 
t,1st5ry-omin« . using Vener. ,‘ an targeting considerations and 

data, integrating the resu '“ for NASA PGG planetary science . 

pre-Magellan geoscience wor ^hops for r NAbA^ (1) 1 : 15,000,000-scale geologic 
investigators. Products anticipate , be USGS open File Reports, not 

and tectonic maps of north quar K^iHap" (?:25.000.000 scale) of the 
to be formally publ i shed) » U) bserved P on ly from Earth and PV, and (3) 

XvantVoornai S' "n/aspects of regionai and globa! voicanis., 

describing new evidence 9 describing the morphologies of ten 

1989), (2) publication of abst ^ (Schaber and Kozak, 1989) and of 

Venusian shields between considerable progress on compilation of a 

TTmfi&c e Z geoli « Wan P no 9 rth quarter; start of 

compilation of the tectonic map of the for publication (GRL) 

c. Work Plan (April , 9 p f 0 ff a * e Venusian shields; (2) submit for 
a paper on the morphol ogi « °J ^rg e nic cesseS ; (3) continue 

publication a major paper on Venusia . ^ 1 ; 15 , 000 , 000-scale geologic 

research on Venusian ^.fields. (J) comp' lete . me Reports; (5) 

and tectonic maps of Venus north quarter ^ Qf % emsUn geo logy, 
continue research on regional a g ti P ipate as organizers, conveners, 

tectonics, and cratering histo y, ( ) P Ge0 s cie nce Tutorial and Geologic 
and tutorial lecturers in the first v ® ff on June 12-15, 1989. 

Mapping Workshop to be held at USGS, 9 , G G 1989, New evidence for 

H aPP J. B nt Publication! : oza , R.C. £ i. 16, no. 2, 175-178 

llurSiareopf^ased * Venera 15/16 and PV data). 
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Title: 


PROPO SAL STTffMapy 

Robert M. Schmidt 

Boeing Aerospace Company Mail Stop 3H-2Q 
P.o. Box 3999. Seattle. WA 98124-2499 
(206)657-3485 


Experimental Impact Cratering Mechanics 


Abstract (a. overall objecUves: b. accompli* c. proposed ™ rt - d . 

technlqu^rKcessaty'Io SSSSSSSEtt"?”* * *•** the experimental 

relationships for l^-bodiSSl'SS?Sf^£^rf r ° ck .2 nd t0 develo P scato^ 
related shock physics experiments will be used to trmvirb- CeS T) 16 cen tnfuge technique and 
materials of interest. With both nowder o n 5k Provide experimental data for relevent target 

to match various dimensionless Similarity plrailet^s^hTc^hf r ° t0r Vi arm - 11 Possible 
behavior of large-scale impacts. The devdmnSSt . of w?!? 4 h been shown to govern the 

5s wrjfflfir' “ d is 

as a^taS? l Ue t0 tapact onto "ater 

water allows photographic visualization of shocWave f ? targets - The use of 

which produce cavitation. A Barr and Stroud franSS SlIES tacludln g regions of tension 
P H C i^f eS/SeC was used t0 Photograph the Impact ofan^li^n ° perating at one million 

with the theory, when material 

target wor , k f' being extended to 

and site scaling for non-pomus^s^d com D are ,h^ W “ , addresa cou?tag 

involving porous targets as well as with vaiinu i-, pa ^ e ^ ese results to previous studies 
nus will be accomp&hed In the Uteramm, 

p ° r rt os ( u> ' and friction angle on crater fonhatlon In the case nf !!!.?' t dects of ta fget density. 

simuS aTbe^%tver p M ^^^'^/or a^e'^IS- 

olitatnetl 6 ^° m the^apprqpr^t^waltog law for^ry^aigtfsd^^^^ 6 

r “' W — — - “» «-* of Impact and exp, os, on 

mech^S'c^ “ d «P*« paramo in cratering 

Schmidt R. M., and M E Vo <;<5 flatten cu^i, 

^ShKk^Wave°^ 

Innnr and Plan,, a ry (abstract). In 

Schmidt R. M. 3_nd K-R Housen rr- >♦*> t 

(abstract), accepted for Castas.raphes tn Eard, Hlsto^ Conference^'l'h 0 ^ ' err ' SU1a ' '™ PaCl 
Mortality. Snowbird. Utah. Conference on Impacts. Volcanism and Mass 
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PROPOSE T ' ^TTHMARY 



PRINCIPAL INVESTIGATOR: 

(Name, Address, 

Telephone Number) 

Co-INVESTIGATORS : 

(Name Only) 

PROPOSAL TITLE: u. 

ABSTRACT: (Type single;sp.ced below line. Lettered^ag? 

“trough' (d) should ^£^“1 the wort; b brief 

nations Levant /o' the proposed wort., 


7" - r structures and thermal histories of planets 

^M^^U^ace -tonic features to oantle dynamite. 

(b) Progress : Developed thermal history oodel of ^ “ntent . Demonstrated 
rega ssing "and the dependence of ” ' ““ [c 7r of 2000 greater than previous 

thlf ti/l heating in 5 consistent with a variety of internal 

estimates^ surrounded h, -an ice shell . - -™al 

"HSture throughout with a highly U flow at lo's poles. while 

heating throughout Io 5 mant ® 1 ds to higher equatorial surface ea Earth- 

ef fect^ve/geologlc Time (though it is important at present ^ ^ „ establlsh 

A Unrk* Develop thermal history model Construct numerical 

(O Propoui^, dvnamo-generated magnetic field. Const models 

^^2*sssssBis««- 

ameterizea models. . , d 5 pacers in press, 2 Dapers 

. 89): 4 papers publisnea* -> p . 

9 otal p ” se "“ cions ' 

( .) Personnel : 1 fatuity (part time,. 2 graduate research assistants. 


PROPOSAL SUMMARY/ABSTRACT 


Principal Investigator: 
(Name, Address, 
Telephone Number) 


Co-Investigators: 


Peter H. Schultz 
Brown University 

Department of Geological Sciences 
Box 1846 

Providence, R.l. 02912 
(401) 363-2417 


Proposal Title: Planetary Impact Processes 
Abstract: 


-“to » * 

partitioning and magnetic-field generation: 4 ) To understand^the^ 6 f6CtS ° f ' mPaCt angle ° n energv 
anges ,n crater shape and cratering efficiency observed in the °' 

^esultsM^Sepai^tio^^Tthe^effects^o^atmosph^^pr^ssu^^^d 80 ^ 3065 ^ PrWided the 

crater, ng efficiency: 2.) Recognition of differences Te iect a 7^™™° ^ ^ P^ctile-wake on 
with predictions from the laboratory: 3.) New estima tes on ^1,™ at Meteor Crater consistent 
0.25 R from the rim at Meteor Crater; 4 ) Identification of a, P Tn T /S er ° Sion of the e < ecta beyond 
Quantitative estimates of impact-vaporization of volatile-rich ??° C * S ° h ' 9h 9radation ra ‘es on Mars; 5. ) 

Recognition of possible signatures of impact vaporization nn Ma r9 ® ts as a . function of impact angle: 6.) 

affecting projectile disruption following oblique impacts with imn^’ V Pr ® l,m,nar y assessment of conditions 
Initial characterization of impact-generated maanehc fielri<A To 3 '° nS ° V maj ° r terrestrial collisions; 8 ) 
and scaling with applications to the planets; 10. ) Cons^ainfs on^hp 3 h° n ° f affectin 9 crater shape 

basins from the style of volcanic and tectonic modification Shape ° tranSient lm P act cavities of 

face record win boused t^asTelsTour broSTr ias^^TThe eff^ ^ ana ' VSiS ° f the P |anetar V sur- 

and ejecta emplacement styles through laboratory experirnems rbrnari 3 " a,m0Sphere on crateri "9 efficiency 
projectile wake effects with theory), continued fieTd s^uSeTo? It ^ r3n9e ° f e,ecta sizes ' com P a nson of 
emplacement and erosion of crater ejecta oh the Earth Marc h Cr3ter ‘ Arizona - ar) d applications to the 
lion as wel, as mixing target and p cjec.fe r01r ^ "" d 7 ^ 2 '> °< vaporiza- 

and cometary impacts. 3.) Processes contmii experiments with applications to icy satellites 

through analysis and capture o( projectile ricochet "mci'lmTn' i 0 "'" 9 dUnn9 oblique ' m 0 acls will be explored 
netic-probing ol early-time processes V Parame £n r™,m» 9men,a " 0a '""sler. and mag. 

mued laboratory experiments, the planetary surface record. anZeslyLs oTbastn ^ 

d.) Summary Bibliography; 

e S rs U 'Eds P ) H U l \llX C s , s C pT r ^-355 erCUrV; A R8 '°° k ' < F - ''»«*• C. Chapman. M.S Math- 

^ ir —■ 

Grtzzalfi. P. A. and Schultz. P H. (1909) Icarus 7? 358 dor 

p p h h '(’S, ' 7 ~ "~ n) - ’ 

Z • M - ( ,9S9 )' j- U. sophys . Res. (in revision). 
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(Name, Address, 
Telephone Number) 

Co-INVESTIGATORS : 

(Name Only) 


David H. Scott 


r. a n1nniral Sur ^Y N ~ GCTin1 

U rrr -7CC -7100 
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Flagstaff , 
AZ 86001 


Kpnneth L. Tanaka 


Marv G - Chapman 


PROPOSAL TITLE: 


Water Volumetric Analys is and 


Mars Ely <; ^ un1 Basin:.. 

Water Sources 

ABSTRACT: (Type sln ^ e T sp ’^. b ® l0 b r ief e statement of’the™ 

(e) through (d) should include: a. b. brief 

stateient b of C the accomplishments of p “or year^or new ^ 

i-3? OM “ two of your recent publi- 
cations relevant to the proposed work.) 


. m Tn ralcu'late the volume of water that riTfed the 

a. Objectives and Justification. ( ) nt depositional basins on Mars. Thns 

Elysium basin, one of the IdiyTTt and most re ter J inations 0 f water volume, because 

basin is especially important h?SS 2 dence of a former high-water level can be 
it is the only known basin w J er * d t ials and their channels that were water sources 
obtai ned. (2) To map circ* supplied to the Elysium basin for 

I" »«. »*' “ 

b ^Accomplishment^: During the initial mo 1; mi viking images have been 

complete both objectives have been pursu • t “ 2 20‘, and pa leo-shorelines have been 

examined from 1 at 25 N. to 15 • 2 000,000 scale are near completion, 

mapped. Objective 2: (1) roar geologic ” ap ?„ ^wnhin the coordinates noted above. 

(2) channels and drainage * re “ ks; (?) to extend the mapping or t *’ e 

c Work Plan: Objective 1, three -inHiratnrs out to long 157,5 and 247.5 , ( ) 

the paTeoTake shoreline from morphologic indie ^s topographi 9 data the elevation of 

in conjunction with task 1 , to extrap ca i cu i a te maximum water volume of the basin, 
thp <;nillooints around the basin, (3) t Additional 1 : 2 ,000 , 000-scal e 

Objective^, four tasks: (1) to conti nue napping “he Medusae Fossae Formation 

maps (MC-8SW , 8NW , loNW, 22NE, 23NE, 20 ], napping of the distribution of 

and other circumbasin materials; (2) ^extend pp ( 3 ) to estimate the amount 

inels and their drainage ; r =« . “ .^"IhL mount of water that may have been released 
?! SScSi'S lne e Ssa C e a ??:»e a " F o™tion: (4, to prepare geologic naps and data 

compilations for publication. 

d. Summary Bibliography: Geologic map of the western equatorial region of 

S r,es »ap I-1802A 1047 . 1048 . 

Scott D.H., 1988. »n unusual ? b ^ ss. Geologic^ of the Elysion 

Tanak ;;,i;n';f“a?s an S.s: feo? So?«5 Misc. inv. Series :,ap I-xxxx. scale 1.5,000,000. 


PROPOSAL StJMM&py 


Dr. Virgil L. Sharpton 




Kevin Burke, John W. Gibson 


PRINCIPAL INVESTIGATOR: 

(Name, Address, 

Telephone Number) 

co-investigators : 

(Name Only) 

PROPOSAL TITLE: 

ABSTRACT: (Type sinnlo- lTnpac 5 Structure, East Texas 

ov«aU° U f (d l sh0u? <s e i"clSds : b a l0 brii? e st I ? ttered e a “^aphs 

overall objectives and iusti f ,•«»»■ • Crie ^ statement of the 

statement of the accomplishments of °th5 W ° rk; b * brief 

proposal.;" c. brief listing of what year ' . or "new 

well as how and whv- and * * wnat will be done this year =»<= 

cations relevant *» ' ^ur recent £2?!-“ 


A Geological and Geophysical S tudy of the Marquez Dome 
ImDart .Sfriirliim rTH t’ _ " 


crater i^E^Te^ complex impact 

sedimentary “qiel^ *" d !” arls ” w'thin the ThlnotmSine 

information indicate the c«r t? Subsurface 

shattercones, breccias containing shodced ZlZ* !° diameter - Occurrences of 
provide clear evidence of its impact origin BeclT’ r shaI,ow de P th of deformation 
structure, a wealth of geophysical Ld borehnlTb ^ featUre Was thou 8 ht t0 be a salt 
Hie proposed research pro^ have been «“«*d over this structure. 

of Houston, and Chevron USA. The obj^ct^es^rihis 6 ^ betWCen LP1, University 
investigations of the exposures of central S and , Pr ° JCCt are ^ condu « field 
units; (2) locate and investigate the ejecta from Th' CXpOSUres of other crater 
contemporaneous strata that extend Li l ™ this impact event in exposures of 

the more than 160 km of high Tsolmion^ sl^/dT * **** (3) re P roce ^ some of 
b- New Proposal 8 resolution seismic data to enhance near surface returns. 

surface samples and of twoeSb^ petrographic analysis of 

interpret 15 km of seismic data. P F3 C tbe antral peak; reprocess and 

impact structure inE^Te^ £ ° me: f newly ^cognized complex 

(Appendix 1). Sharpton, V L and D C kJi * 1989 Meetin g of AGU, 1989 

- impact structure^ wtd^ in S.Vexas 

Sharpton, V.L., Kevin Burke L. LucaS l 065 ' 1066 . 1988 (Appendix 2). 

terrestrial impact structures: Evidence of shallow n °Z' Reflect,on seismic data from 

at the 51st Annual Meeting of the MeteoS ^ penetrabon? <**«). Papers presented 
1988 (Appendix 3). § Mete ontical Soaety, Fayetteville, Arkansas, p. D-4, 
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p flOPOSAlj SUMMARY 


PRINCIPAL INVESTIGATOR: 
(Name , Address , 
Telephone Number) 

Co-INVESTIGATORS : 

(Name Only) 



Tempe , AZ 85287 - 1404 


PROPOSAL TITUl; - — 

. Kainw line. Lettered paragraphs 
ABSTRACT: (Type single-spaced belo^^l^^ statement of the 

(a) through (d) should i nc ' at 4 on G f the work; b. brief 

overall objectives an * ^®^ntsof the prior year, or "new 

statement of the 4 a S C ??Sil®^of what will be done this year, as 
proposal;" c. brief listing of what w recent publi - 

Sell as how and why; and d. one _°* 

c ations relevant to the proposed work.) __ 

a The principal objectives of this project « 

surface characteristics of tenestn £ Jg^ntes criteria for the 
20 to 40 m per pixel visible on L^DS^ TM ^ the morp hologic features 

identification of lgmmbnte sheets ‘ jj? ™ SSmbrites visible on high-resolution Vikmg 
observed in areas of suspected Mart S^i resolve the origin of the Martian 

images, (4) to apply multiple working hypol^toi^ ^ terrain ^ the 
ignimbrite terrain, and (5) to confute ^ ^ Scott in Flagstaff. 

1-500,000 scale MTM program in oo^J^^^vered with "ignimbnte" terrain, the correct 
Because large areas ofthe Martian surfa sign if ican t. This is especially true 

LtSSeriS toportant as a site for future landing, sampW or other 
scientific studies. 

• a (nr thic nrniect. there are no results to report at 
b. Because no funding has been received for this project, 

this time. 

C. All of the tasks in par. (a) will be accomplished during this year. 

r o a chpridan M F 1988, Consideration of hydromagmatic 
d C Tgim for' Hadriaca Patera 2»T$3& Patera Proceedings Unar Saence 

view of the Bishop Tuff, Cahfoma. Ame ^ * R 19 g8, The Frailes 

Crown, D.A., Greeley, R., Sheridan, M-^v D i a teau in the central Andes using 
Formation. Bolivia: anahrsoof Geophysical Union, EOS, 62, P- 1507. 

LANDSAT Thematic Mapper data, American VJ f j 
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PROPOSA L SUMMARY 


PRINCIPAL INVESTIGATOR; 
(Name, Address, 
Telephone Number) 

Co-INVESTIGATORS : 

(Name Only) 

PROPOSAL TITLE: 




— j uuemaKer 

S • Geological S urvpv ? ? q > m ~ “ ! r - 

JW2) 527-7181; FTS 76S-T TFT^ ~ 01 Dr ~ * Fla S a taff, 

01 86001 


Carolvn S. Shoemaker 


_ Studies of Aust ralian Impact Structure* 

(a) through Sd? should^nclude- b a 1 °brief e st L t ttered para< ? ra P hs 

overall objectives and briaf statement of the 

statement of the acSmp?“taf«s o?"^ S' Wor * ; b ‘ b tief 
proposal;" c. brief listing 5 t ^f, pnor year, or "new 

well as how and thy; and S? one or two 1/* ^ this year ' as 
cations relevant to the proposed £ork?) yOUr recent P^bli- 


past flux of solid bodiesNn the Neighborhood N ° Ur undersCandin § of che 

the most favorable regions of the wofld in which NNindN’d A “ SCralia is one of 
structures: it contains 1/1 nf l. lcn C0 find and identity impact 

“Jority of FreeX^ iip'acf MlZZ ^Z 7“%“* ">« 

accurately document the cratering record of Australians W 31 '/" ° C ° 
of the impact structures, where possible and *n r * ° btain P recise ages 

nature of the impactors, and 4) to use rhp« 3) f Search for evidence on the 
history of terrestrial I.pacuig bod^s ^ ‘»e flu, 

the <>»P— herein 

Australia). previous investigation (Impact Craters in 

Iff be “ a 

date account of all 19 imoact <?i r P c n V ^ ls boolc contain an up-co- 

the results of our flue field seasons (In'cl'Xng^tlUt^f “mZ 1*17 "ZZ 

Tsz s- V 

all of the known structures. Field work will P be° nS and geolo 2 lc raa Ps for nearly 
geophysical methods) the subsurface structure of 4 “ r ° U ' C ° tC,VeStlga " <»y 

for st “ dIes ° f the et= «• 

Sho °t'i> n^t: 9 sci“:: c ^ r* ° £ ^ ^ *»• 

Shoe ”:h»rf, E ; M u w^ki^: •««. - c~c 

Galaxv and the Solar t J ‘ M ” and ^“^ews, M., eds., The 

Shoera aaer . u.H. , and dhoeoale " C Z7Us 7 ' * tl ““ P '«*- »' W-SST 

[extended abs.l- • “ *a »i ’ A Impacc SCrucc “res of Australia ( 1987 ) 

J ’ - Unar 3nd ? ^netary Science XIX, p. 1079-1080. 
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PROPOSAL SUMMARY 


PRINCIPAL INVESTIGATOR: 
(Name, Address, 
Telephone Number) 


Eu gene M. Shoemaker 

2255 N. Gemini Dr., Flagstaff, AZ 86001 
602-527-7181: FTS 765-7181 


Co-INVESTIGATORS : 
(Name Only) 

PROPOSAL TITLE: 


Carolyn Shoemaker 

Ruth Wolfe 

Chronology of Bombardment in the Solar System 


ABSTRACT: (Type single-spaced below line. Lettered paragrap 

(a) through (d) should include: a. brief statement of the 
overall objectives and justification of the work; b. brief 
statement of the accomplishments of the prior year, or new 
proposal;" c. brief listing of what will be done this year, as 
well as how and why; and d. one or two of your recent publi- 
cations relevant to the proposed work.) 


a. Obiective: The broad objective of this investigation is to improve the^cratering 

time scales for the terrestrial planets and to advance our understanding of th 
present and past flux of solid objects in the outer Solar System. Specific goals are 
to 1) reassess the asteroid and long-period comet flux in the terrestrial planet zone, 
2) derive a more precise cratering time scale for Venus, 3) obtain a new estimate of 
the long-period comet flux at the orbit of Jupiter, 4) evaluate the fraction o 
periodic comets derived from the Oort cloud and reassess the population of Jupiter 
family comets, and 5) continue the assessment of the populations and dynami 
structure of the L4 and L5 Trojan swarms, in order to refine estimates of planetesima 

flux in early Solar System time. 

b. Progress: New Proposal , 

c. Propos ed^ Work: In the first year of this 3-year investigation, a new estimate of 
th e population 'll Earth-crossing asteroids will be made by combining discoveries made 
la the Asteroid and Comet Survey (FACS) with results of earlier surveys. On 
the basis of this estimate, of new calculations of collision probability with Earth 
and Venus, and of the Phanerozoic cratering record of Earth, we will der ve a £ e £ 
cratering time scale for Venus. We will also evaluate the size distribution of Earth 
crossing asteroids. Analysis of observations of long-period comets discovered in the 
PACS will be started in order to prepare a new estimate of ttie long-period comet flux 
out to the orbit of Jupiter. In addition, we will reduce available positional 
observations of Trojan asteroids discovered by the PACS in order to derive^more secure 
orbits and expand knowledge of the dynamical structure of the L4 and L S ^™*; rface 

d. Bibliography: Schaber, G.G. , Shoemaker, E.M. , and Kozak, R.C., 1987, The surtac 

age of Venus! Use of the terrestrial cratering record: Solar System Research, v. 21, 
n 89-94. Shoemaker, E.M., Shoemaker, C.S., and Wolfe, R.F. , 1988, Asteroid and comet 
flux in the neighborhood of the Earth [extended abs.]: Global Catastrophes m Earth 
History: An Interdisciplinary Conference on Impacts, Volcamsm, and Mass Morta i y, 
LuLr and Planetary Institute, Houston, Texas, p. 174-176. Shoemaker, E.M. 

Shoemaker, C.S. , and Wolfe, R.F., in press, Trojan asteroids: ^dTs. 

structure, and origin of the L4 and L5 swarms: in Asteroids II, R.P. Binzel and 

Matthews, eds., University of Arizona Press, 50 P. 


PROPOSAL SUMMARY 


PRINCIPAL INVESTIGATOR: Robert B. Singer, Associate Professor 

Planetary Sciences Department 
Lunar and Planetary Laboratory 
University of Arizona 
Tucson, AZ 85721 
(602) 621 4573 

Composition and Distribution of Mars Surface Materials 
ABSTRACT 


A. . Qbjeclive This is a full 3-year proposal for continuation of a longstanding research program to improve our 
geologic understanding of Mars. Emphasis is placed on mineralogy and distribution of surface materials at the 
present time, from which current processes and geologic history are inferred. Primary data used are existing 
earthbased spectral reflectance data and Viking multispectral images, with terrestrial remote-sensing data of Mars 
analog sites used as well. Laboratory studies and development of data analysis techniques will be conducted as 
required for the proposed science. We will continue to play a major role in closing the gap between image data 
and spectroscopic data. 

i fSSFZL Th * S “ 3 nCW P r °P° sal - However, substantial results have been obtained under the predecessor grant 
NAGW-1059, and are reported in the attached Progress Report. 

C. p roposed Work 1. Spectrophotometric Analysis of the Coprates quadrangle, utilizing overlapping Viking 
Orbiter multispectral coverage with differing incidence and emission angles. Hapke parameters (e g single- 
scattenng albedo, macroscopic roughness) will be solved for and integrated into a geologic mapping procedure for 
compositional and physical properties. 2. New high-resolution spectral image data obtained during the 1988 
opposition (under separate funding) will be analyzed for compositional and spatial variability of Fe 3+ -bearing 
weathering products and Fe -bearing pyroxenes. 3. Spectral-image investigation of basaltic pyroclastics and 

° n Earth ’ f0r a PP lication 10 Mars remote-sensing and exploration. This task is coordinated with 
the NASA Geologic Remote Sensing Field Experiment. 4. Geologic investigation of scapolite on Mars, based on 
near-infrared telescopic data obtained in 1988 (under separate funding). These observations led to the discovery of 

scapolite on Mars, and contain considerable additional information about its occurence, abundance and possible 
modes of origin. r 


D. Recent Publications: 


Nature and Distribution of Surficial Deposits in Chryse Planitia and Vicinity, Mars. R.E. Arvidson, M. Dale- 

94 ^ tT 1587^ 1 neSS '* J ’ B * Adams ’ M 0 ' Smi,h ’ PR - Christensen, and R.B. Singer, J. Geonhvs. Res 


Spectral Imaging of Mars During the 1988 Apparition. R.B. Singer, E.S. Bus, K.W. Weils, and J.S Miller 4th Int’I 
Conference on Mars. 185-186 (1Q8Q) ’ 


Valles Marineris: Compositional Constraints From Viking Multispectral Images. P.E. Geissler, R.B. Singer B.K. 
Lucchitta, 4th Int’l Conference on Mars. 1 11-112 (IQftQ) ' 


Discovery of Globally-Distributed Scapolite on Mars. R.N. 
4th Int’l Conference on Mars . 82-83 (1989). 


Clark, R.B. Singer, G.A. Swayze, and A. Tokunaga, 
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(Name Only) 



PROPOSAL TITLE: - Lettered paragraphs 

bis 1 — 

— Ti ,„sU;ei<; C 


ant to rne - ^Torimerric 

—f . new qioDai digital 

. -ion and analysis ot a ne * 1Q rimes higner 

. Objectives » Proposed n ; S 0 “itar n Images. The new map wi l. a . , Edwards , Kathleen, 
aD of Mars based on Vi.<, 9 “ f soderblom et al. < So <* e - ' va „ ia r i0 ns on the Martian 

esolution chan che approach ^ 1978, ^obal color - ^ formacion . The 

liason, E.M.. Sanchez, *.M. - J result vUl be about 10° ^ and llluBiIl ation 

urf ace ; Icarus 3 ^^^der seasonal and better^ ^ scienti fic objectives 

mages to b * ^^^se is obscured by clouds, ^ geolog xc settings- * c 

:ondit.ions (the sur^icial units and *• , . ta ^ v community. ^ts 

ire (1) to Classify and map-. ^ used^tb. ^ in planning 

ipolications" go far beyond those proposed e -, shed the following: d> 

future exoloration of Mars- (FY 88-89), we ac.ompl- valldatlon of 

^ Progress : During the * of refined geometric control, 3S% of 

validation of radiometry , U > • comolet ion of eight manor heric scattering model to 

seam-suppression techniques, l orocedure - a apply a complex at ^ ^ nume ncal models to oe 

Mars , (5) development c ^ ‘ * (6 ) major progress P oub iisned and two journa. 

derive normal spectral system- Several aostrac.s - . 

emoloved in the pnotomet-l- _- i3Cal . (1) co mple--c.. 

n ; n . rs ar e in preparation- „ — _ ar * banned for the com- - , nc i fl sion of ccmpisx 

papers n . mv— ^allowing ^asks - - —.4 na atmosonere , , 

c- njorlj ?lan :7 - for a n anisotropic scat— 9 - radiometric databases - 

of numerical moaelmg sc neme tion of these moael, to -n tn „ a global spec — 

surface scattering models , q . _ e photometrically model-^^^ lien cifyinc maopabxe 

sinusoidal projec— . on, •» ' (5) completion of scie - ersic - or rma. 

™,=.. ; ri= «»«!--■ », ?“ fcUC * ° 1 - -i-ior. «, 

ar.is, *■>■> pt.p««-; 0 " !or mb lic.-.xor. «r.d a.-—'"* 

and photometric models to - or " 

community. surficial geology -- 

— 31 bllocr apnj£j - ir . press, Co.or aosa-= - 


So as re- 
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_Tec ton i r History nf n,. 


through' (d) ^ lo "- Paragraphs numbered (a , 

and justification of the work; b £ e ^ ° f the ° VSrali objectives 
he prior year/ or „ new brief iT^ ^ ^ accom Plishments 

this year, as well as how and whyi and d ^ ° f " hat wil1 be done 

P blicat ions relevant to the proposed work.T ° r tW ° ^ Y ° Ur recent 


historie^oMhe terrestrial 6 pfaneis^ 6 COmparative tec t°nic, volcanic, and thermal 

lithosph e ric^t he^rrfj g^adfenTo n Ve nus^ th f crustal thickness and 

i^fhe^n tGr topographic re lief, carried ouMests e ofmidl| VIS< 5° US relaxation of 

new models for the early thermal evn ? th,ck ness, and developed 

parent bodies, including in particular the role and mete °hte 

<C) ***~ development of 

mountain belts; the applica°°n of visraus S!! and <; voluti °" Venus 
of origin, age, and dynamics of hiohland- and ™ ° n ca cu * a *' ons to limit the mode 
quantification of qlobal oattPrnc n?2i • a " d corona e on Venus- the 

investigation of literal hemroqeneitv^nTth def ° rmation °n Venus; the further 

mnlf| tnal < planets from e| asticf! xure modll^fhp gradients on the 
models of stress within and around laral development of finite element 

between volcanic processes and Rtroco^^u 010 constructs to study the relation 
global thermal history models for the Moonand^ investigation of 

(d) Grimm, R.E. and ^ 

9| n i U i S qn°i n i StraintS on crustal th'Cknelfandlhe™^ ' m H PaCt Crater relief on 
93, 11911-1 1929, 1988, ss antJ thermal gradient, J. Geophys. Res., 

models for Aphrodite 


OF POOR QUALITY 



PROPOSAL SUMMARY 


PRINCIPAL INVESTIGATOR: Paul D. Spudis _ 

(Name, Address, n,.q. geological Flagstaff — A Z.a fta m 

Telephone Number) 602-527-7482: 7fi5~7i 82 — . 


CO-INVESTIGATORS : 
(Name Only) 

PROPOSAL TITLE: 


P . A . Davis 


Early Lunar Crustal Evolution 


ABSTRACT: (Type single-spaced below line. Lettered paragraphs 

(a) through (d) should include: a. brief statement of the 
overall objectives and justification of the work; b. brief 
statement of the accomplishments of the prior year, or new 
proposal;" c. brief listing of what will be done this year, as 
well as how and why; and d. one or two of your recent publi- 
cations relevant to the proposed work. ) 


a | OBJECTIVES: To better understand early lunar crustal evolution, we will: n investigate the 
geologic context of exotic mare basaits at highland landing sites with the aim ot more completely 
characterizing unvisited mare units; 2 ) use basin ejecta as probes ot the lunar crust to understand 
lateral 3 nd vertical variations in crustal composition and structure; 3) determine the origin ot low- K 
Fra Mauro basalt, a mixed lunar rock type of uncertain provenance; 4) estimate the global abundance 
of Ai in the crust, to test the magma-ocean model of crustal origin; and 5) attempt to produce a 
petrologic map of the complete lunar near side through a combined remote-sensing mineraiogical and 
geochemical approach. 

b) PROGRESS; 1 ) Continued study of small mare basalt fragments from the highland Apollo 16 and 
Luna 20 landing sites. Chemical analyses of previously hand-picked fragments from the Apollo 16 
Descartes core show that these rocks are highland impact melts, not mare basaits. Completed 
studies of the lunar Nectaris and Crisium multi-ring basins. Results show pure anorthosite outcrops 
associated with Nectans basin deposits and effects of initial target conditions on basin morphology 
by development of platform massifs. Completed manuscript of book "Geology ol muiti-ring basins . 
to be published by Cambridge University Press in 1990. 3) Completed initial studies ot lunar LK.FM 
impact melt 15445; results indicate clastic debris in the melt rock from at least two unidentified 
lunar rock tvpes, one possibly gabbroic and the other possibly KREEP-rich. 4) Received and have 
started processing new muitispectral image data for the central lunar highlands, to be used as the 
initial test area for our construction of a petrological map ot the lunar near side. 

c) PROPOSED WORK: 1) Complete analyses of mare basalts at Apollo 16 and Luna 20 and begin 
work on basalts from Apollo 14 site. Produce major synthesis on the volcanic history ot the Moon, 
incorporating discoveries in lunar voicanism made since 1976. 2) Complete work on book manuscript 
for publication. Begin new study of lunar Humorum basin, including its geology, rings, and 
composition of deposits. 3) Complete study of Apollo 15 LKFM melt rocks by analyzing clasts in 
15455 Begin study of Apollo 16 VHA basalt to determine provenance ot clasts in this rock type, 
which is totally restricted to this site and may be melt ejecta from the Nectaris basin. 4) Assemble 
and mosaic imaging spectrometer data for entire "Apollo zone" of central near side and collate 
orbital chemical data. If possible, new mid-infrared spectra of lunar regions will be integrated into 
this effort. 

d ) SUMMARY BIBLIOGRAPHY (FY 1989): Spudis P.D.. Hawke B.R., and Lucey P.G. (1989) Proc. Lunar 
Planet. Sci. 19, 5 1-59; McCormick K. et ai. ( 1989) Proc. Lunar Planet, ScjM 9, 691-696; Spudis P.D et 

ai. (1989) Lunar Planet. Sci. XX. 1042-1043. 
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PROPOSAL SUMMARY 


PRINCIPAL INVESTIGATOR: 
(Name, Address, 
Telephone Number) 


Steven W , Sauvres 

Space Sciences Bide.. Cornell University 
(607') 255-3508 


CO-INVESTIGATORS : Dr. Paul J, Thomas 

(Name Only) 


PROPOSAL TITLE: "Geologic Studies of Mars and the Satellite s 

of the Outer Planets” ~~ 

ABSTRACT: (Type single-spaced below line. Lettered paragraphs 

(a) through (d) should include: a. brief statement of the 
overall objectives and justification of the work; b. brief 
statement of the accomplishments of the prior year, or "new 
proposal c. brief listing of what will be done this year, as 
well as how and why; and d. one or two of your recent publi- 
cations relevant to the proposed work.) 


S Objectives: *i dress a Seriesof tasks - most ofwhl ‘h are associated with Mars and the icy satellites of 

the outer planets: (1) We investigate the tidal and thermal history of Mercury (2) We attemot to mnrfol ib 

l7Z l zr°"r r v ""“ by r° ile < 3 > w = S 2 .““X. £ 

e early terrestrial inventory of organic molecules were introduced by cometary impacts^) We attemot 
to understand the physical environment of perenially ice-covered lakes in the Dry Valleys o’f Antarctica and 
their relationship to early sedimentary environments on Mars; (5) We attempt to constrain models for the 
distribution of ground ice on Mars and (6) understand the extent to which oxidants have diffused into the 
martian regohth. (7) We model stresses within martian volcanoes to attempt to understand the origin of 
observed thrust faults on the flanks of several volcanic edifices; (8) We investigate the distribution an H 
ch^teristics of ancient water-lain sediment on Mars; (9) We attempt to better understand ice deformation 
n the icy satellites and its effect on their geological histories; and (10) We investigate the dielectric properties 

siding ° n Sa m thC SatUrn SyStCm ’ and C ° nSider thC implicati0nS 0f these Properties for radar 

(b) Progress: In the past year we (1) Determined likely despinning times for Mercury and examined 

mLt'uT 11611 ^ f ° r . MerCUry ’ S logical evolution; (2) Constructed detailed numerical simulations for 
mantle plume-lithosphere interactions on Venus; (3) Constructed detailed simulations of aerobraking and 
Xl P r^ 7 c °mets using several numerical simulation techniques; (4) Produced estimates of likely 

withfo ^ 1 HS 7 ° X,dan ^.°" Mar , S fo ' a ran S e of P h y sical conditions; (5) Constructed models for stresses 
within martian volcanoes; (6) Completed mapping of ancient sedimentation basins on Mars and modeled ice 

Ind (fifn 011 ICe ; CO ? r ;l rnar i t,an akeS ’ (7) DeVel °P ed a new for palimpsest formation on Ganymede 

maybep^Me long-wavelength radar sounding through a deep CH 4 -C 2 H 6 -N 2 ocean on Titan 

CarrTo.lfr 3111 w 3 [ C “' ^ (1) C ° mplete the ^ge of rheological models for Mercury; (2) 

Carry out a complete set of simulations of Venus mantle plume models; (3) Improve and complete our models 

for comet-atmosphere interactions and impact physics; (4) Complete models for martian oxidant diffusion- 
(5) extend our work on physical processes relevant to martian sediments and (6) Perform a quantitative 
statistical study of the morphology of relaxed terrain on Mars. 

(d) Publications: S.W. Squyres, Urey Prize Lecture: Water on Mars. leans, in press. P.J Thomas S W 
BforTthTrs ) M H Ca "’ Flank teCt ° niCS ° f martian vo| canoes, J. Geophys. Res. (submitted). (See Appendix 
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p-ROPOSfl T- SUMMARY 


David J. St evenson 

Tal^nrma inst itute ot T echnology 
r= 91125 


VXi J. j- J- w - * J , - 

'Pa sadena. Lalitonua 


Planetary Origin. Evolution and Structure 


PRINCIPAL INVESTIGATOR: 

(Name, Address, 

Telephone Number) 

Co-INVESTIGATORS : 

(Name Only) 

PROPOSAL TITLE: 
abstract: (Type 

(a) through <d) should ^^“^iation of the work; b. brief 
overall objectives and justification ^ year, or "new 

statement of the accompli shm vill^e done this year, as 

proposal;" c. brief 1 1S 9 0 f your recent publi- 

wcll as how and why; and d. one .°”£ 0 ° r y 
cations relevant to the proposed work.) 


a Theoretical work directed toward understanding the origin, evolution, and structure of 
dIsiIic^s and satellites# • f j 

b (i) Interior models of Uranus have be™ can mtak 

mental ambiguity concerning the ice/ roc caused by storage of primordial heat, 

ice. The work also suggests that the low storage «p conditions 

possible because e of compos.tH>nal g ad|ents. jn) Th« ?Jew to unders tanding 

of protostellar disks (e g., T ) especially how it relates to interstellar and 

the temperature distr,butK>n ui the d*k «pe Station of the Moon indicates that a 
nebula gram s.ze dtstribut.ons. (...) Work on mrm toMooIls> because of dif- 

single moon can arise from the aggregation oi m<my y 

ferential tidal evolution. The memn ^Tylmp^f W Modeb’fm Stensional initabil- 
a fragmented Ganymede are not caused by these 

in^abiliti™, S b^t thro^on^ Enceladus t ^^^^ b ^^^pgg^[Jth^tenjperature 

£ I?f 2 f K S-JS-VSST Sw^r « ****** orientation of 
mantle convection in Ganymede and the pos.ibil.ty of polar wander. 

(c) (i) Accretion of the giant planets, withemph^n the ^ence on “ 

is to understand when (if) an accr Nentune and Triton flybys are expected 

origin of giant planet rota t.on rates, (n) The NepUne Tntont iy 7) Mo J mg of 

modeling of ionic and metallic fluids at extreme pressures. 

(d) Twelve papers published or in press in the ^ ^ 

and the Origin of the 

Moon” are appended to the proposal. 
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PROPOSAL SUMMARY 


PRINCIPAL INVESTIGATOR: 
(Name, Address, 
Telephone Number) 


Glen R. Stewart 

(juj; U ^° f j/j/ 0rad0, Lampus Box Bould er. 


CO 80309 


Co- INVESTIGATORS : 
(Name Only) 


PROPOSAL TITLE: 


Kinetic Theory Models of Planetary Rings 


ABSTRACT: (Type single-spaced below line. Lettered paragraphs 

(a) through (d should include: a. brief statement of the 

s 22^? j : C Ji Ve8 and ^“^ation of the wor£ b? bSef 
statement of the accomplishments of the prior year, or "new 

proposal;" c. brief listing of what will be doM this year as 
well as how and why; and d. one or two of your recent publi- 
cations relevant to the proposed work.) ** 


a) The overall objective is to determine the vertical structure of planetary rings that 
cons'st of a broad distribution of particle sizes. The goal is to develop a delailM 
model of the vertical structure, filling factor, velocity dispersions, and effective viscosity 
of observed rings and to provide the necessary dynamical input to cJSIK 

ShowaCa n m d°?uzzi m ' S ' ha ' are bei " 9 ^ped by Tones 

b) This is a new proposal. Related research by the principal investigator in previous 
tarring? d9V ® ° ped the theoretlcal framework for modeling multi-component plane- 

c) Analytical approximations will be used to derive a tractable system of integral eaua- 

kinetic theor V of Araki and Tremaine. These equates 
a n ®. ta be f ° lved numerically for a realistically broad size distribution of ring particles 

th fh 6ffe ?l ° arg , e fllhng factor and se'f gravity. Our approach is P compli- 
mentary to the n-body simulation approach being pursued by Wisdom, since our ao- 

d) 0 Stewa a rt n GR b n n ? '?■ d,stnbu £ 0 " s h th h m ? re modest com Putational resources. 
^Lezfo d Df G R ;’ D ‘o: C- L ’ and P - Boden heimer. Collision-Induced Transport Pro- 
cesses in Planetary Rings, in Planetary Rings, R. Greenberg and A Brahic eds Ari- 

P°, n rt > P .S S Vf ' 5 , 12 * 198 et Shu - F K and Stewart - The Collisionat^namics of 
Particulate Disks, Icarus, 62 . 360 - 383 . 1985 . Brophy, T.G.. G.R. Stewart, and L.W. Es- 

posito, A Phase-Space Fluid Simulation of a Two-Component Narrow Planetary Ring- 
1989 Q SlZQ Segregatl0r1, Edge Form 3f'on. and Spreading Rates, submitted to Icarus, 
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PROPOSAL SUMMARY 


PRINCIPAL INVESTIGATOR: 
(Name, Address, 
Telephone Number) 


Robert G. Strom 
Dept, of Planetary Sciences 
University of Arizona 
Tucson, Arizona 85721 
(602) 621-2720 


CO-INVESTIGATORS : 
(Name Only) 

TITLE: 


S.K. Croft 


PLANETARY CRATERING INVESTIGATIONS AND 
ICY SATELLITE TECTONICS 


This proposal consists of five tasks: Task 1) A study of the orbit dynamics of objects 
responsible for the late heavy bombardment of the terrestrial planets. Task 2) Recovery 
of the size distribution of impacting objects from the outer planet cratering record an 
impact crater mechanics. The objective of these two tasks is to constrain the origin of 
the objects responsible for impact cratering in the Solar System. Task 3) A study of 
layered terrain and closed canyons on Mars. The objective of this research is to 
understand Mars canyon formation and the associated depositional history. Task 4) A 
study of the tectonics and thermal evolution of icy satellites. The objective of this task 
is to understand the materials and mechanisms responsible for icy satellite evolution. 
Task 5) a carryover of a UDAP task on thermal evolution of uranian satellites (see 

Appendix B). 

Progress Report : Task 1, initiated development of computer programs and preliminary 
simulations; Task 2, completed counts and positions of craters on Ganymede and initiated 
crater counts on Callisto to test leading/trailing asymmetries; Task 3 is a new task; Task 
4 initiated investigation of ternary phase relations for a variety of possible components 
of icy satellites, and completed a crater depth/diameter study on icy satellites to constrain 
effective viscosities. Task 5, completed geologic maps and histories of the five major 
uranian satellites and estimated volumetric expansion of each. 

Work Statement fist Year): Task 1, complete development of computer programs and 
finish simulations for 5 orbit dynamical models of impacting objects. Task 2, complete 
crater counts on Callisto and leading/trailing asymmetry analysis to distinguish between 
crater populations internal and external to the jovian system. Task 3, determine 
distribution and morphologic classification of closed canyons and possibly related layered 
deposits, and initiate spectral analysis of canyon related deposits. Task 4, continue 
ternary phase relation analysis and continue development of thermal history models 
including magma migration and lithospheric failure. Task 5, thermal history modelling 
of uranian satellites continued from Uranus Data Analysis Program. 

Summary Bibliography : 18 abstracts, 2 papers, 1 book chapter. 
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PROPOSAL SUMMARY 


PRINCIPAL INVESTIGATOR: 
( Name , Address , 
Telephone Number) 

Co-INVESTIGATORS : 

(Name Only) 

PROPOSAL TITLE: 


Kenneth Tanaka 

^bb N. GernTnT Ur., Flagstaff, AZ HRUU I 

wz-bz/-/z'M-, his ibb-rm 


Mary Chapman 


Geologic Maps ot Parts or Kasei and 
Mangala Valles, Mars 


ASSTRACT: (Type single-spaced below line. Lettered paragraphs 

(a) through (d) should include: a. brief statement of the 
overall objectives and justification of the work; b. brief 
statement of the accomplishments of the prior year, or "new 
proposal;" c. brief listing of what will be done this year, as 
we f. as k° w and why; and d. one or two of your recent publi- 
cations relevant to the proposed work. ) 

a. Objectives and Justification" : The objective of' this proposal is to produce 

interpretive detailed geologic maps of central Kasei Valles and north-central 

Sfo la ocn]J eS, . r y^ Se maps wil1 be at 1 = 500,000 -scale, based on photomosaics MTM 
2b062, 25067, -05152, and -10152. The map areas have good to excellent image 
coverage. The investigators will apply image-processing and photocl inometry 
techniques to supplement standard photogeologic mapping. The map areas include 
features and relations illustrative of hydrologic conditions and provide clues to 
l stories of exposed units. The maps will assist an established research project 
whose goal is to describe the development of unstable hydrologic conditions on Mars 
and the relation of these conditions to the evolution of such extensive channel 
systems as Kasei and Mangala Valles. 

b* Accompl i shments : During the initial months of the first year of funding (FY 

89), tasks to complete maps of both areas have been pursued. In the central Kasei 
Valles area, preliminary mapping of MTM 25062 has been completed. On January 14 and 
5, we participated in a Mangala Valles workshop held by Ron Greeley at ASU. During 
the workshop, a consensus concerning names of stratigraphic units was reached by the 
various workers currently involved with the 1:500, 000-scale maps of the region. In 
ppreparation for the meeting, we began preliminay mapping of MTM -05152 and -10152 
north-central Mangala Valles. * 

c * ijp_rk Plan for FY 89 . To develop a cohesive stratigraphic history in the Mangala 
region, we need to produce our maps concurrently with other 1:500,000 scale maps of 
the same region. Therefore, it is necessary that we change the order of completion 
that was originally proposed. During the coming year (late FY89 - early FY90) we 
will complete the geologic maps of north-central Mangala Valles (MTM -05152 and 

“i 0 iu 2) / ather than those of central Kase1 ' Valles (MTM 25062 and 25067). Completion 
of the Kasei maps will be postponed until late FY90 and FY91. 

d * .Summary Bibliography . Our recent publications pertinent to this project include 
MacKinnon D.J. and Tanaka K.L. (1988) Lunar Planet. Sci. Conf. X IX. pp. 707-708- 
Robinson M.S. and Tanaka K.L. (1987) Work shop on Nature and Composition of Surface 
Mars « LPI » PP- 85-87; Tanaka K.L. (1988) Lunar Planet. Sci. Conf. XIX . pp. 
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PROPOSAL SUMMARY 



PRINCIPAL INVESTIGATOR: 
(Name, Address, 
Telephone Number) 

Co-INVESTIGATORS : 

(Name Only) 


PROPOSAL TITLE: 

ABSTRACT: (Typ« si " q ^: S ^°ould“inciud«ra be b?iif statement of 

numbered (a) through ( ) ^ ustif i ca tion of the work; b. bri 
the overall objectives ^ { the pr ior year, or new 

statement of the . accompl the^ ^ year , as 

proposal;" c. brief li ®^ 1 J g or two Q f your recent 

Sell as how and why; and d. one or t * 

publications relevant to the propos 

' Objective* Study the 

OrbUer c^r and albedo data, IRTM shaped satellites and 

5jS£3 eS f — with onnsoa, sur f ace P— 

ib:ises^ 

of asteroids and small satellites. 

C. Work this ,..r. Make map Pr^^osata 

underlying colors and compare with IRT Phnhos and test reasonableness of derived 

fnwt retention. Use harmonic !«*-?“ ° f r ° U8hnKS 

K^St^^sS'SrlXa. iapetus, ant, EnceiaOns. 


d. Publications. One paper in press. 
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proposal summary 


PRINCIPAL INVESTIGATOR: 
(Name, Address, 
Telephone Number) 


Thomas W. Thompson 

Jet Propulsion Laboratory 

(818) 354-3792 (FTS 792-3792) 


TITLE: 

Radar Studies of the Moon and Mars 


(a) Objective: The overall objective is * Pn l« • . 

measurements, including (i) analysis of thf i ^ lnter P ret ation of radar 
identification and such characteristics landfo ™ 

wavelength, and incidence angle- and Hi) as resolution, 

lunar and martian near-surface structured 5tab J lshment of constraints on 
These efforts support upcoming inner-planet ^"^ n,eter ~! :o ~ decain eter scales, 
improving interpretability of Magellan data via l Scientif: ieaily (e.g., by 

sr ( *- s - by 

iTiiuiir r , 1 ^ *- 

sets. 2) Reduction of Arecibo 70-cm-vave length dit^ 1 " 1 ?!' 110 " radar data 
(i.e., uncalibrated) , high-resolution (~1 km? .• yield “"normalized 

Plato, Aristarchus, and the Apollo 15 and w\ lma ? es of Copernicus, Tycho, 
Golds tone Mars radar data obtained in 1986 inc^ 8 SltSS * 3) Red ^“ion of 
parameters, circular polarization ratios difSe ^ eStlination of Hagfors C 
reflectances along various tropical s^brldar t" ck s SeCti ° nS ’ ^ normal 

Goldi?° P,: ^ Pniarize^Copposite^ense ^circular ^OCj^^b r f a [ scatterin 8 

mapping to new areas and complete reduction of th^oL hl 8h-resolution lunar 
observation. * 6 reduct i°n of the 1986 and 1987 Arecibo lunar 

(d) Recent Publications . 

W. Thompson, ( lgas^ ^roceedin^f Ima g es > H * Moore and T. 

Conference, Cambridge lfal^lf^ Prr - L H5*i Land Planetary Science 

fl98df P° r ^ rtian ^Polarized Radar Echoes T W Tho 


140 



proposal SIIMMABX 


PRINCIPAL INVESTIGATOR: 
(Name, Address, 

Telephone Number) 

CO-INVESTIGATORS: 

(Name Only) 


William C- Tittemore , As sistant Professo r. 

Dept of Planetar y Sciences/LPL 

TIniv. of Arizona, T ucson. A L bo<4 i 


None 


Dynamical Evoluti o n in the Solar System , 


Dynamical E v olution in me 

PROPOSAL TITLE: — “ 

i A within box below Paragraphs numbered (a) through (d) 

^ ° ne ° r tw ° ° f your iecent 
publications relevant to the proposed work.) 


(,). We propose to investigate «£ «* °bj'Cts 

SSrr-mtTSrf the methods of modem nonlinear dynamic, to addr« these 
complex dynamical problems. 

f .. . • t vrt been received at the time of writing, therefore, we cannot report 

(b). FY 89 funding h “ og „ m . Nevertheless, becnuse on, research activities are 

any progress under this scient n p g, significant progress in research 

supported in part by the University of, 5r sons we save made s,g^ ^ ^ 

areas relevant to this ” lo effects on Miranda of passage through the 

satellite system, with particular a evolution through this commensu- 

3:1 resonance with U mb riel. Numerical s i mul ^! n °f or b i e t J^enTricityof order 0.05 before 
rability indicate that Miranda may ave reac e me i te d NH 3 ■ H 2 0 deep in the 

escaping from the resonance, and tidal heating m y 
interior of this satellite. 

(c). We will continue dettmTn! t^fflt^r^age' through resonances 
r,SZ P o“"lai histories. We w„, ^ ^ 

resonances in the % £££*. by studying the 

Saturn and Jupiter. The stability oi uie j investigation of the dynamics of 

slTnTn ordVio determine the origin and exp, .in the stability 

of these satellites. 

w r nHl Wisdom 1989 Tidal Evolution of the Uranian satellites. III. Evolution 

W l Miranda-Arie, 5:3 and AriebUmbrie, 2:, mean-motion 

commensurabilties. Submitted to Icarus. 
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PROPOS AL SUMMapy 


— P°nald L. Turcotte 
Dept 


7 ~ f Ge olorical Scien ces. 4 1?? jnee hITT 


PRINCIPAL INVESTIGATOR: 

(Name, Address, 

^®l€phone Number) 

Co-INVESTIGATORS : 

(Name Only) 

PROPOSAL TITLE: 

ABSTRACT: fTvnp , ~ 

(a) through (d) should include • b a 1 °br^ i ^ e \ Lettered P ara graphs 
overall objectives and justification r ^e f stat^ent of the 
statement of the accomplishments^? th * WOrk; b * brief 
proposa 1 ;' 1 c . brief listing of what win P H 10 J year '. or "new 
ell as how and why; and d nna __ +. be ^ one this year, as 
cations relevant to the proposed £o£k?) ° f yOUr recent Pol- 


and ^the t T° nS ^ C ™ VeCtion Withi n the Moon 
.ana the Terrest rial Planck 


a- The objective of the proposed resesmh _ 
understanding of geophysical and . h to obtai n a better 
Mars and Venus and to integrate this ° bservations the moon, 

observations on the earth PI ? ® U " derstand ing with available 
of the work. A talilVyof gl^a^ Sche ^ 3 *>c»s 

including major elements, trace elLents^isot ^ 165 WlU ^ COnsidered 
gases. elements, isotope ratios, and dissolved 

transport^f "heat S through^h^ 6 ^ tho^l) 3 "“l ^ th. 

mechanism allows a relatLJj thick utZ s h ^ ^ heat pipe 

to explain the high observed 'topography and °" ^ planet that hel PS 
We also extended our studies of efrlv rhe associat ed gravity anomalies, 
to Mars. early thermal evolution and fractionation 


models ^or ?*-*"*'*« convection 

and Venus. The temporal crJstal troll* f ^ ^ »«'««*. N*r, f 

with observations. Global geochemical rv?i e s°.H U T J 111 / 6 C ° mpared 
compared with the available isotopic data. developed and 

<*. D.L. Turcotte and G. Schubert • 

atmospheres, Icarus 74, 36-46 (1988)- n f ^ n0ble gaSeS in P laneta ry 

mechanism for volcanic and tectonic o' v T*’ A heat ’ pipe 
1207-1208 (1988). ctomcs on Venus, Lunar Planet. Sci. XIX, 



PROPOSAL SUMMARY 


PRINCIPAL INVESTIGATOR: G. Leonard Tyler (41 5-723-3535) 

Center for Radar Astronomy (Durand Bldg - Room 232) 
Stanford Electronics Laboratories 
Stanford University 
Stanford, CA 94305-4055 

ASSOCIATE INVESTIGATOR: Richard A. Simpson 

ABSTRACT: 

(a) Overall Objectives: Radio wave scattering is an effective and important method for 
remotely studying planetary surfaces; on cloud covered bodies it is the only means by which 
surface mapping on a global scale can be carried out. The radio waves interact most strongly 
with surface structure having dimensions comparable to, and slightly larger than, the radio 
wavelength (centimeters to a few meters for modern radar systems). But it is precisely this 
scale range which has been most difficult for theorists to incorporate in their scattering models. 

As a result, interpretation today relies heavily on rather simple tools and concepts now more 
than twenty years old - tools which are totally inadequate for explaining important phenomena 
such as high angle scattering and wavelength dependence. With missions such as Magellan on the 
near horizon, it is essential that we improve our interpretive base. 

Recent advances in numerical techniques and computer technology, as well as some 
changes in analysis direction, offer the promise of new interpretive techniques. Numerical codes 
developed for scattering studies supported largely by the Departments of Defense and Energy are 
now becoming generally available. At the same time computers themselves are being improved 
to the point where those commonly available can handle the enormous arrays and millions of 
operations necessary to solve these problems. An early objective has been to survey the- 
software available for numerical electromagnetics, obtain and convert those programs which 
seemed most promising for planetary applications, and test them on simple problems which have 
known (or easily derived solutions). Our current and future objective is to develop surface 
models useful in the planetary context, apply the new tools, and compare the results with 
measurements and planetary data sets. 

(b) Progress Report: We have acquired and adapted for use on our computer several 
software packages of varying complexity and application. No code is useful in a wide range of 
planetary problems; the Numerical Electromagnetic Code (NEC) appears to be the most 
promising. It calculates charges, currents, and radiation patterns from structures defined in 
terms of wires and/or surface patches. In its present form structures containing up to 300 
elements may be analyzed. We have compared NEC results against analytical solutions for flat 
plates and perfect spheres and find good agreement. In fact, simplifications required to obtain 
the theoretical, closed-form solution for the plate suggest the NEC solution may be the more 
accurate. We have also computed and compared the scattering from a cube, cyclinder, and 
sphere; for equivalent characteristic dimensionsless than A/1 0 they become indistinguishable, 
nor can the orientation of a single object be determined. We are now beginning study of multiple 
objects, specificly to understand the coupling between them. 

(c) Task Summary for First Year: We propose to continue testing and using NEC for 
scattering studies. This will include completion of study of the two-sphere problem and 
completion of a comparable "two mesh" problem, to simulate behavior of small surface 
fragments. Generalization of the program to remove the 300 element limit is also planned. We 
will continue involvement with the Geoligical Remote Sensing Field Experiment (GRSFE). 

(d) Summary Bibliography: One abstract published in NASA TM 
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PROPOSAL SUMMARY 


PRINCIPAL INVESTIGATOR: 

(Name, Address, 

Telephone Number) 

Co- INVESTIGATORS : 

(Name Only) 

PROPOSAL TITLE : "Physical Studies of Planetary and Satellite 

Surfaces" 

ABSTRACT: (Type single-spaced within box below. Paragraphs 

numbered (a) through (d) should include: a. brief statement of 
the overall objectives and justification of the work; b. brief 
statement of the accomplishments of the prior year, or "new 
proposal;" c. brief listing of what will be done this year, as 
well as how and why; and d. one or two of your recent 
publications relevant to the proposed work.) 


Professor Joseph Veycrlra 

310 Space Sciences Building 

Cornell Oniversity, Ithaca, NY 14853 
607-255-3507 


Aim: Continue study of physical properties of planetary and satellite surfaces with emphasis 
on photometry, comparative morphology, and regolith processes. 


Recent Progress 

1) Completed analysis of Voyager observations of Uranus’ small satellites and published 
several studies on photometric properties of the larger Uranian satellites. 

2) Completed detailed photometric study and albedo map of Rhea; determined Hapke 
parameters of snow/frost surfaces for comparison with icy satellites; showed that satellite 
frosts are very backscattering. 

3) Established that average photometric roughness of Io is higher than that of lunar maria; 
compared daytime/nighttime albedo patterns on Io. 

4) Completed several comprehensive review papers. 


Proposed Work for Coming Year 

1) Determine photometric roughness of regions on Io. 

2) Continue photometric studies of icy Saturn satellites aimed at elucidating backscattering 
behavior of frosts in outer solar system. 

3) Characterize accurately the scattering behavior of frost on Ganymede and Callisto. 

4) Continue varied small satellite studies (Phobos, Deimos, Nereid, etc.). 

5) Complete photometric studies of large Uranian satellites and extend investigation to 
Triton. 


Summary Bibliography 

Simonelli and Veverka ( Icarus 74 , 240-261). 

Veverka et al. ( Icarus 78, 14-26), and 11 other papers listed in recent bibliography (p. 32). 
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PROPOSAL SUMMARY 


PRINCIPAL INVESTIGATOR: .. s°‘«nc«l!''con e U llnleer.l 5 ~ 

&o« d ^r, — " ’* 8 ” 


CO- INVEST I GATORS : 

(Nano Only) 


Dr. Paul Helfenstein 


PROPOSAL TITLE: - 

ABSTRACT: (Typ. VSSSSSFot 

numb«r#d (a) through ( d ) -tumtif ication of tha work; b. brief 
th. overall objactiva. and jurtlticatlon or r or 

statamant of th. “ha£ Sftl’b. don. thia yaar. a, 

SSra^-'in^ilS S’ on. or two of your racant 

publications ralovant to ths proposod worlc. ) 


OBJECTIVES: , nroDer ties of planetary materials depend on 

General: Investigate how sp^trophotomet y p ope^_^ ve theory t0 data obtained 

photometric geometry by ref mmg a ^ PP ^ A planetary surfaces; 2) goniometnc studies 

SSSsSCSlSs is sswssr a 

Ssssks*-- • 

P of™«s of Hapke parameters derived from grounded 
2f'comp“:ad Sfaijon of connection between Hapke's roughness parameter 8 and 

» saiurn and uranus 

rl'nUU^study of ho* large-scale shadows are modified by multiple scattering. 


H^Deveiop improv^^m^oscopkfrougimess correction to Hapke’. model valid for surfaces 

3) rI Develop 'abotatoryme asurem ents to test model and 

contrast results with predictions of Hapke s current m iri g 1 ■ Helfenstein et al. 

?™.^*L B i B Va^ >»■ 
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PROPOSAL SUMMARY 


PRINCIPAL INVESTIGATOR: 
(Name, address, tel. no. ) 


CO- INVESTIGATORS : 
(Name Only) 


Dr. William R. Ward 

-Jet Prouplsio n Laboratory M/S lfi^-SQi 
4800 Oak Grove Drive , Pasade na. CA 9 HOP 
(818) 354-2594 Z 


TltleS - i?y namical Studies of Solar System Formation and Evolution 

ABSTRACT (Single-spaced, type within box below. Paragraphs 
™ a ’ d should include: a. brief statement of thl overall 

bjectives and justification of' the work; b brief eta toman ♦- 

c e briJf m T 5ll ^ ment ? ° f thS prior y ear ' or "new proposal;" 

l luting of what will be done this year as well as how 

to^the^proposed = tW ° ° f y ° Ut CeCent pubUcatio " 3 Levant 


ciar^^p! co 

fn Ci r “ bei " S f»r C bot U h^ s “f roX^nca “T, S?T 

of bending wave torques on Hi* resonances. (2) Effects 

accreting planets is being examined i° f p ^ anetesimals and 

dispersal in the presence of tidal fi * w V Models of solar nebula 
(4) Modifications^ accretion ^ erowth^ ^ ““ Under d - e ^P-nt. 

are to be incorporated in planet and satelVr ta density wave effects 
Three dimensional aspects o/den^t-v satellite building models. (5) 

with particular emphasis on shock dL^tin^ 06 ^ 1011 C ° b * modelled 

.rm cu r ff fun r ion 

the role of protoplanet migration in ^ P ' J .' A pa P er discussing 

nebula has been submitted to Ap J A third^r* 1118 tn " ncation of the 
of the role of density wave t^Ies in the ! ^ pr ° Vldln S an overview 
submitted to M.N.R.A S A f n .,n-K „„„ ^ accretlon process has been 

the formation~~of~ giant planet c or - applyin ® densit y wave theory to 
Long-term 6rbital and o/ h C ° mpleCion ' * Chapter on 

upcoming book on Mars. ^ f M haS been com Pleted for the 

for | i-'m 1 1S Lin I db a ad'^resonance^ 310 '^^^" 071 ^ ^ . C ° rque cut ' off function 
solar nebula is in revision 'wor^will contT' 1 " 8 bendin § wav ®s in the 
barriers during nebula dispersal Wort w iU Win ^ ^ ^ ° f tidal 
modelling of density wave propogation. g n on three dimensional 

D. ^i ^arv Bibliography : Ward, W R n 98 ft’i »n 

planetesimal dispersion velocities", in Absttacti of C^f 7 ^ 

origin of the earth, 96-97. Ward W R 7l98 9 T -r Conf *rence on the 
the solar nebula: The cut-off function" An T C ° r ° Ca ^ on c °rques in 

W.R. (1989) "Disc tides and .7 ” — — ' ln > 526 ‘538. Ward 

XX abstracts (in press) atl ° n ° f giant planeC cores”, LPSC 
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March 1989 

Planetary Geology and Geophysics 


Proposal SUMMARY 


PRINCIPAL INVESTIGATOR: 
(Name , Address, 
Telephone Number) 


Stephen G. Warren 


Dent, of Atmosphe r ic Sciences AK 49. UniV .-Q f 
gfejjal Settle. VIA 98193. 206-5A3-7230 


CO-INVESTIGATORS: - Con " ay B ~ . 

(Name Only) Optical properties of C0 2 -ice and Oj 2 -sn™ in 

PROPOSAL TITLE: the visible and Infrare d 

ABSTRACT- (Type single-spaced below line. Lettered paragraphs 

EsSri SPSS'S. 

statement of the accomplishments of the pri y a ^ ls as 

llVril^X'iXZ your recent publi- 

cations relevant to the proposed work.) 


(a) The spectral absorption coefficient of pure CO ? -ice will be measured 
in the weakly-absorbing regions of the visible and infrared, 0.3 5 um 
wavelength. The planned advance over previous work is to revive a 
disused method for growing clear thick crystals of C02- The spectra 
absorption coefficient is needed for understanding the reflection, 
absorption, transmission and emission of radiation by materials 
containing C0 2 -ice. We will use it to model the spectral albedo and 
emissivity of C 02 -snow in the polar caps of Mars. This m turn we will 
use to determine a strategy for remote sensing of C0 2 -snow gram size, 
water-ice content, and dust content. 


(b) The first year has not yet begun, so there are no accomplishments. 

(c) The first-year’s work will be the laboratory measurement of spectral 
absorption coefficient of C0 2 -ice in the visible and infrared, away from 
the strong bands, using laboratory facilities at Jet Propulsion a . 

In the second year we will complete the experimental work and begin the 
radiative transfer modeling as well as analysis of remote-sensing data. 


(d) S. G. Warren, 1982: Optical properties of snow. Rev. Geophy ^s. 

Space Phys . , 20 , 67-89. 

S. G. Warren, 1986: Optical constants of carbon dioxide ice. 

Applied Optics , 25 , 2650-2674. 
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PROPOSAL SUMMA RY 


PRINCIPAL INVESTIGATOR: Dr - Thomas R. Watters 

(Name, Address, National Air and Space Museum ■ 

Telephone Number) Washington, D.C. ^>0560, — ( TOTJ Jb/-I 4 57 


Co-INVESTIGATORS : 
(Name Only) 

PROPOSAL TITLE: 


Dr. Ted A. Maxwell 


Analysis of Tectonic Features on the 
Ter restrial Planets 


^ in< ? le 7 s P aced below line. Lettered paragraphs 

(a) through (a) should include: a. brief statement of the 

overall objectives and justification of the work; b. brief 
statement of the accomplishments of the prior year or "new 
propose!;" c. brief listing of what will be done fhis year as 
wel! as how and why; and d. one or two of your recent publi- 
cations relevant to the proposed work.) P 

Mirw^o/n proposal is ior a i-year continuation of NASA Grant 
NAGW-94 0 to investigate tectonic features on the terrestrial 
planets. The objectives of the proposed research are to 
ormulate models for the origin of certain tectonic features 
based on detailed morphologic and structural analysis 

t° the Prosed research are field investigations of 
potential terrestrial analogs. 

(b) During the the first months of the present funding year 
work has been completed on the lineament mapping of known and 
suspected strike-slip faults in the deformed Columbia River 
basalts. The system of tectonic features (i.e., first-order 
anticlines and strike-slip faults) and their geometry are 
consistent with a pure shear mechanism. The mapping and 
analysis of the structures in the floor of the Olympus Mons 

been initiated and the modeling phase is planned 
for the latter part of this funding year. The study of 

wrinkle ridge-upland scarp associations will also be initiated 
this year. 

(c) In the second year of the grant the following will be 

accomplished: 1) the study of wrinkle ridge-fault scarp 

associations on the Moon and Mars will be completed and 
kinematic and mechanical models for their origin finalized' 2) 
a two week field study of structures on the Columbia Plateau 
that may serve as terrestrial analogs to second-order ridges 

and wrinkle ridge-fault scarp associations on the Moon and 
Mars. 

(d) Watters, T.R., Periodically spaced ridges of the Columbia 
Plateau, m Volcanism and tectonism in the Columbia River 
flood— basalt province, Geol . Soc. Am., Special Paper 239 
edited by S.P. Reidel and P.R. Hooper, in press, 1989. 
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PROPOSAL SuTCtAEY 


Stuart J. Ueidenschilling 


Planetary Science Institute, 


riclltClQiV — _ Q r~> -I Q 

2030 E. Speedway #201 , Tucson, AZ °5/19. 
(602) 881-0332 

Donald R. Davis 


PRINCIPAL INVESTIGATOR: 

(Name, Address, 

Telephone Number) 

Co-INVZSTIGATORS : 

(Name Only) 

PROPOSAL TITLE: 

ABSTRACT : (Type si n ?le:S?==ed fc e lo wline^ Le^tere d parag r ap 

(a) through <d> should b. brief 

overall objectives an j .. prior year, or "new 

statement of the accomplishments o. the pri Y ^ as 

proposal;" c. brief listing of wha^ will be ®2 n * e „nt publi- 
well as how and why; and d. one or two of you* recent p 
c2 t.icr.s relevant to the proposed worx.) 


Aerodynamic and Gas dvnamic Effects in Cosmogony 


(a) The goal of this pro|ran l f io^of the planetary 6 system 
and gas- dynamic phenomena in the ntio x d interac tions of 

MlSl^^dt^ef^ing 1 ^ s J froa dust grains to 
Kf*? have S carried out nu «. rical 

settling in the solar nebuia for t gg g ettlin g timescales, 
properties. Ve determined that the^lo^g ^ increased effectiveness of 

compared with compact pa relative to differential settling, Ve 
thermal Brownian coagulat , matter due to gas drag during the 

accretion^ and implications lor the 

radially zoned structur L^ t g h ® f a ^bilar temperature and turbulence on 
(c) Ve will determine effects of nebular tempe^ ^ nebula> t0 

the settling and growth of J^r ameters can produce preferred sizes 
see whether a realistic set of para t c hond?ule formation. Ve will 
in the range required for ^ c “ sonan c e s between planetesimals 

investigate properties of i of as drag, and the analogous 

phenomenon^? interplanetary dust ^art iclos y^ d g a g|hilling ,^B^Donn , 

h P^Meakin^ 

Veaver et al., Eds., 9 am ? a J.gfg S ^l* formation, BAAS 20, 815 (1988). 
Fractal aggregates and planetesi 1 ™ zone T .y. Ruzmaikina, 

Radial mixing of ^ e ^ a L^ e nschilling, in Asteroids II , R-P- Bmzel 
V.S. Safronov, and S.J. VeiaenscniiiAHg, 

et al., Eds., D. of Arizona Press (1989). 
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PROPOSAL SUMMARY 


PRINCIPAL INVESTIGATOR: 
(Name, Address, 
Telephone Number) 

Co-INVESTIGATORS : 

(Name Only) 

PROPOSAL TITLE: 


STUART J. WEIDENSCHILLIN G 
Planetary Science Institute 
2030 E. Speedway Suite 201 


Tucson, A Z 85719 (602) 881-0332 
Dr . Dominique Spaute 

r\_ t\ “i — ' _ — . 


Dr . Donald R. Davis 


_ACCRETI0N AND EVOLUTION OF SOLAR SYSTEM BODTFS 


ta1 T Sr% h 7^%L i SS e In?lSa1. b I 1 °^“ e ^ 1 ; ttered 

overall objectives and jSstifIca?i™ nV M* atein f nt of the 
statement of the accomplishments of the * Work; b - brief 
proposal;" c. brief i istina of what J??! P f 10 5 year ' or "new 
well as how and why; "and d one or tvo this year ' as 

cations relevant to the p^ F osId wor^ ) ° f yCUr reCent FUfcli - 

iyiSSti ^cS'inTOl^'iTJkffirSf^ j S t J° S )“ dy physical a " d 

bodies in the solar systei“usU Lal^ ^ tke . pl fets and smaller 
focus of the present proposal is § the use of J d n^ meriCa - tachrii< l ue s : The 

range J^heliocentSj distances. ° f * planetesimal swar^interacting^ver 0 ^ t0 

an analytic^oagnlation ^bleTS^Cst?^ i£\aUd' ■ f d ‘f ted ik a 8 ai "» 
the choice of parameters. Ve develoDed an i m ™ s v^Tidity and to optimize 
effects of long-range gravitational perturbations by 

t^e^ccretion^f a planetesimals°in the h taSi? e SdTf“ *° l " 0d ? 1 "™ erlc ally 
system. lie .ill use onr spatially resoled parks of the solar 

phenomena of runaway growth of Dlanetarv Pm k ultl "5° ne ? ode to investigate 
feeding zones, rad iL^ sport* T^iSSSJ 8 is °J ation of 

to^ccretio^ln^he^errestria^planet 

to both the terrestrial and outer planet Lei ^the | 8 ?rese!£ ! “^gE. ga ‘’ “ d 

for'^2id 1 f!)Soif ! C . P pSteSJn a Sd e D i0 S by f run ?“ ay S™<th: Implications 
Stirring of a planetes mai s»a™ fitted. 

Veidenschilling, Icarus, in oSs «Jh!. J dlstan * encounters, S.J. 
planetesimal swarms, D. Spaute D S 5 acc retional evolution of 

S fis^, in press. P ’ *'*• Dav:IS > S - J - Veidenschilling, Adv, Snare 
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PROPOSAL summary 


Paul R. Weissman 


Jet Propulsion Laboratory Mail stop 183-60. 1 
4800 Oak Grove Drive Pasadena, CA — 9110 9 — 
(818)354-2636 FTS 792-2636 


None 


Cometary Physics and Dynamics 


PRINCIPAL INVESTIGATOR: 

(Name, Address, 

Telephone Number) 

Co-INVESTIGATORS : 

(Name Only) 

PROPOSAL TITLE: 

ABSTRACT* (Type single-spaced below line, lettered paragraphs 
taf T throngh ( d) should include: a. brief statement of the 
overall objectives and justification of the r or “nL 

statement^ ^e accomplrshments^f the^ ^ t * as 

Sellashowandihy: and d? one or two of your recent publi- 
cations relevant to the proposed work.) 


a. Physical and dynamical studies of 

and evolution of the solar sys > role of comet vs. asteroid impacts on 

inventories of the terrestrial plane* .. in planning for future NASA 

the Earth in initiating biologica variety’ of modeling techniques to perform 

missions to comets. This task use come ^ s in the Oort cloud and the thermal 

computer based studies of t e results to observations wherever possible, 

evolution of cometary nuclei, p g cometary nuclei derived previously, new 

b. Using the new mass estimates for £ een derived . The steady-state 

estimates of the cratering rate on t craters > 10 km diameter, 

flux of long and short-period comets provide ^ massiye , random come t 

The largest contribution howeve • * Add ing in the expected cratering from 

showers, accounting for 26% h i t0 t hat found from counting known 

asteroids, the total predicted rate is f brightness of Comet Halley at 

craters on dated surfaces. A study ' ^ gg^sted 0 tLt 1 tL^ater post-perihelion 

large solar distances was begun, it S | lar par ticles around the nucleus, 

brightness beyond 3 AU is due CO OU | ev f d ence in IRAS data of Oort clouds around- 

ejected near perihelion. A sea ^ h has ielded only one likely candidate, 

other stars (in collaboration with Alan ' detection limit of IRAS. Estimates 

around this comet. Dynamical studi f starsi GMC's and galactic tides. In 

cloud dynamical program including e ® wild 2 in support of the CRAF mission 

addition, thermal modeling of comets Kopff and Wild m PP 

will be undertaken. McFadden L. A., and Rickman, H. 1989, Evolution 


151 


PROPOSAL SUMMARY 


PRINCIPAL INVESTIGATOR: Geor 9 e W. Wetherill 

(Name, Address, Department m Tgggggnrgi McUjn&tig 

Telephone Number) Carnegie Institutio n ot Washington 

^nT~ in i ■ ■ 


arr 


Co-INVESTIGATORS ! 
(Name Only) 

PROPOSAL TITLE: 


t - , a — ui wasninqton ‘ 

° T75iEIH ^ 5?7 D - cr 20015 
NONE 


Accumulation of the Planets 


(a) through (d) should include- a brief it^ tte ^ d para 9 ra P hs 
overall objectives and justification 5 +Z* te *Z nt ot the 
statement of the accomplishments of the Sln?° rk? b * brief 
proposal?" c. brief listing of what 5 year ' or " new 

well as how and why? and d one or tw^ ^ d ° ne ^ a * 

cations relevant to the proposed wort?) * y ° Ur recent Publi- 


be ing^^ve s tiga ted "long "“afof 

c ^T ive “ iy -siste o r^r 0 r work 

the proposed grLTpSi^Sic^ttl^ ° bse 7 ational *ata. »u ring 
lation of the asteroids, their fragmentati V 00 Wl11 be ^iven to the accumu- 
planetesimals between the Earth and i-h " 30 . loss * ^ evolution of 

H Ld "“^ * r ion — 

re^on™ 9 ' °" ter Pl *" et ----rability and secular reLnfnS^ 

eife=L°L^L 2 L n " h : r i "pi«i“L o L p ir' itary r owth studied •«- 

interior to 2.35 A.U. processes on the growth of planets 

Of aatL“ d aTd“ ^ ^ Mentation history 

•steroidal frag^ntatS deVel ° t "' ent ° f a " proved program for treatment 

growth of bodies^ntMior'to^lsVo * " lde ° f physical Processes on 

directed S^T^SL'LS^TS-T 1 ' *”— *-*« •* asteroid belt, 
the geochemistry of the terrestrial pilots “ '** recocd and to 

Proceedings^of fr “ ^netesisals. 

Academy of Sciences - U.s? S !h “T U ' S - Nati °" al 

in press, 1989 . 3 sciences, Moscow, January 1989 , 
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PROPOSAL SUMMARY 


PRINCIPAL INVESTIGATOR: 
(Name, Address, 
Telephone Number) 


D r. Fred L. Whipple — — — — 

Smithsonian Instituti o n Astrophysical Ob servatory 

60 Garden Street. C ambridge. MA 02138 

(617)495-7200 or FTS 830-7200 


Study of the Physics of Comet arv Nuclei 


Co-INVESTIGATORS : 

(Name Only) 

PROPOSAL TITLE: 

ABSTRACT: (Type single-spaced b ® 10 ^ 

statement of the accomplishme will be done this year, as 

oLTAvo of your recent publi- 
cations relevant to the proposed work.) 


i a ^Problems of the genesis and geriatrics o£ comets 
i n with the Droblems of environmental and dimensional 

Sta?is?!Lfa^!5Sero?^i:rago;e 1 p ?oble»s Are there any 

for? Are there statistical differences among longer period 

comets depending upon the orlen ^“°" “f.^oud? TOese are 
direction from fey came from Oort s cloud ^ 

the hug^fund^o^come tar ^observations and calculations now 

a " a “tbl?or example, the orbits of Iin , 

C/Kohoutek (1973 XII), tne unu»u« * / „. reat « comets are 

^frd^nUrof^rn^U-rinrto^hinoncrn^ation or 
iS 11 (c ) Studies'of ‘th^shape , size, and activity of Halleys 
comet continue^ Region on the Nucleus of Halley's 

Comet" (vtthH J. Reitsema and W. A. Delamere), Science, 
241, 198-200. 

••A Model for intensity profiles of Dust J^s near the 
Nucleus of Comet Halley" (with *. 1 «uel bner D ; C. Boyce 
H. J. Reitsema and W. A. Delamere) 1988, Icarus, /o. 
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PROPOSAL SUVMARY 


PR I .“Cl P.AL INVESTIGATOR: Dr. J. L. WHIT FORD- STARK 

DEPARTMENT OF GEOLOGY 
SUL ROSS STATE UNIVERSITY 
ALPINE TX 79832 
(915) 837-8083 


TITLE: 


PHOTOGEOLOGY AND REMOTE SENSING SYNTHESIS OF 
STRATIGRAPHY AND ERUPTION ENVIRONMENTS 


LUNAR MARE 


ABSTRACT: 


A) This new proposal has six objectives: l) To critically assess 
the s.mi ar.t.es and differences between volcanic materials in 
each of the circular mare, irregular mare, and extra-mare 

env ; ron ^ nts - 2) To determine whether Pieters’ map of 
the different volcanic spectral units can be updated in the liaht 
of new laboratory analyses of returned rocks, new spectral data 
and more deta Med geological mapping. If such is the case 
modifications to the map wi 1 1 be made. 3) To synthesize the 
aval lable information concerning the temporal compositional 
re ationships for each of the three tectonic environments 

th^ !nH d ‘h 4) To correlate the lithostratigraphic units of 
the individual mare with the time-stratigraphic units recently 
summarized by Wilhelms MQR 7 } c;\ tv* . • ecentiy 

restraints f n V (1987). 5) To provide chemical and age 

. n th f *? ts f l J e volcanological processes that have taken place 
on the lunar surface. 6) To more clearly delineate the nSZerl 
h ypeS of eruption sites by the construction of a computer 
database containing information about the location dimensions 

bThI w ,0n 8n ? 8ge ° f e8Ch ° f the over 1 ' 200 vents. 

£>; New proposal . 

C) Work to be performed this year includes the completion of 

,Vfere Frigoris and Mare Fecunditatis regions of 
the Moon and the initiation of the synthesis of all available 
data concerning the evolution of the lunar mar ia. This vlor^ wi 1 1 

orb^a^^una^nh 1 ! r0Ugh h ge °^° g * Cal m W in e of earth-based and 
orbital lunar photographs supplemented by spectral information in 

the form of spectral vidicon imagery and spectral 

individual sites. This will be furth'erlup^nied b? otL 

studen? wm be in oc ^ emi ca * and geophysical data. A research 
volt™ daJabase. 6d C ° nS,ructi °" of 'anar 

? 987 °^„fT nt / ele c an, . P ' Jt,lie8 ' ions are Whit ford-stark. J.L 
J L ?98 'adv Pe o! al Paper 2U ' 74 PP- andWhitford-Staik, 

can be found in^pendix 8 ?? 181 ^ Ge ° logy NASA ~ 1M P* *27-353. Others 
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PROPOSAL SUMMARY 


PRINCIPAL INVESTIGATOR: 

CO-INVESTIGATOR: 

TITLE: Solar System Dynamics - 


James G. Williams 

JPL, 238-332 

Pasadena, CA 91 109 

(818) 354-6466, FTS 792-6466 

James Gibson 

- Asteroids, Comets, and the Moon 


Objectives: 1) Discover, define, and study asteroid famiUes the fragments of former 
collisions, to examine the interiors of former parent bodies. Physical properties data 
indicate the degree of differentiation of the parent body. Size and (lm^rfea) velocity 
distributions maybe recovered. 2) Theoretical studies of the dynamical evohmonof the 
solar system aid understanding. For example, improvements m the secu ^ P®^5 b£ L" 
tions calculations permit new families to be recognized and old ones to be refmed^3) 
CCD images and Palomar Schmidt photographs provide positions of comets and mi 
planets which need further positions for die determination of accurate orbits. The o 
servation program is separately funded. 4) The analysis of lunar laser ranges gives 
information on the lunar harmonics, moments of inertia. Love number, and dissipation. 


Progress* This progress report covers 8 months. 1) A cooperative effort with other 
scientists using albedos and photometric colors finds 11 taxonomic groupings for 
asteroids. A paper has been published. 2) For the Asteroids II bookarevrew 
(Identification of Asteroid Dynamical Families) has been submitted. 3) A methodical 
study of the geometry and taxonomy of families is 50% done. 4) A program has been 
constructed for the computation of short period perturbations. 5) Astrometric positions 
were published for 5 comets, 8 planet crossers, a Hilda, and a high inclination object. 

6) A new program for numerically integrated lunar physical libranons is complete and a 
program for integrated partials is well along. 

Proposed Work* 1) Families will continue to be classified by morphological type. 
Physical properties data will be associated with the individual families. 2) A paper on 
the Alexandra family will be submitted for publication. 3) The taxonomy work will 
now be extended to the data of lower quality. 4) Theoretical work will be done as 
needed 5) The astrometry program will continue to measure positions of comets and 
unusual asteroids, e.g. planet crossers, Trojans, Hildas, members of rare families, and 
high inclination objects. 5) Lunar laser data will be processed to determine lunar gravity 
field. Love number, and dissipation. 


Summary Bibliography: 1) 1 paper published, 3 in press. 2 abstracts published. 1 
poster presentation. 2) Astrometric positions are published in the Minor Planet 
Circulars. 
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PROPOSAL SUMMARY 

PRINCIPAL INVESTIGATOR: Professor Jack Wisdom 

Department of Earth, Atmospheric, 
and Planetary Sciences 
Massachusetts Institute of Technology 
Cambridge, Massachusetts 
(617) 253-7730 


PROPOSAL TITLE: Solar System Dynamics 

ABSTRACT: 

iolar^ys P tem° S Our godTto^Ln^ processes in the 

system and the processes which hav ^shaDed it "narth^T 7® of thedynani'cs of the solar 
in non-linear dynamic ,1 systems P ’ P " ,,CoUj ' ,n the b sht of recent advances 

to *; °< 

diction of the chaotic rotation of Hyperion (2) th*. AU lnclude ' / 1 ), 1 t .^ le successful pre- 
satellites must tumble chaotically as they tidallv evolve ^°7 eTy t ^ t irregularly shaped 
establishment that the principal ^Kirkwood Z n ^ y ± n ° US rotation, (3) the 

chaotic zones in the phase space Mi tlio rl g **+ in the asteroid belt are associated with 
zone have the Lcess^^ trajectories at the 3:1 chaotic 

to Earth, (5) the disco^ry o/^ meteontic material from the asteroid belt 

chaos, and' the introduction of a two ?^ dudng lar S e ' scale 
of chaotic zones, (6) the demonstration that th* m ^ f * predicting the extent and shape 
the Uranian satellites are associated with citr ifi can-motion commensurabilities among 

that passage through the 3T Miranda Umb!iel C a ° tlc z ?“ es ’ (7) the demonstration 
incUnation of Miranda ffll rmr ? C ^resonance explains the anomalously large 

through orbit^resotkcel XwTu^o ^ placed V** t paSSa S e ° f the Uranian -tellitS 

extend the range of apohcabilitv ~ i y * e ?P s through resonance. We intend to 

shaped satellite! to th^lest of^the satelht^in t'he^l r ° tatl .° nal ^ namics of irregularly 

^ss^rssosi 

Icir^ iS 7 d 2 0 “41 J ' (1987) “ Urey Pri “ Uclure: Ch *° tic Dynamics in the Solar System." 
is fc“’sdeoc“ d 2«:433 m ' J (1988) ' “ Num " kiJ E " d '"“ ‘hat the Motion of Pluto 
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PROPOSAL SUMMARY 


TITLE: Dynamical Studies of Planets, Planetary Satellites and Asteroids 

PRINCIPAL INVESTIGATOR: Charles F. Yoder 

INSTITUTION: Jet Propulsion Laboratory 

CO- INVESTIGATORS : 

(name only) 


ABSTRACT 

(a) overall objectives and justification of the work; (b) progress and 
accomplishments of the prior year, or "new proposal"; (c) brief listing of 
what will be done this year, as well as how and why; (d) bibliography 

A. The basic objective of this research is to use dynamical arguments to 
obtain constraints on the origin and present states of planets, asteroi s 
and planetary satellites. The principal emphasis shall continue to center 
on my study of orbit-orbit, spin-orbit resonance locks and tidal heating 
mechanisms. This proposal requests increased funding level. 

B The paper describing the fit of Voyager and ground-based data was 
submitted for publication. A libration theory for Phobos was completed 
(with N. Borderies). Phobos libration in longitude was found to influence 
the precession of the orbital periapsis position and may explain a 
descrepancy in orbital models. The contribution of Phobos topography to its 
gravity field was estimated. 

C. Dynamical mechanisms related to the formation of the coorbital pair, 
Janus and Epimetheus shall be examined. Several studies related to Phoj> os 
orbital dynamics, librations, gravity field and their relationship to Phobos 
origin shall be continued. The constraint imposed by Mars precession 
constant on its internal structure shall be explored. The study of tidal 
history of the lunar orbit which includes significant lunar dissipation 
shall be completed. Lunar dissipation results from core-mantle friction due 
to precession of the lunar figure and causes a large change in lunar orbit 
inclination over time. 

D Yoder C F et al. (1983). Theory of motion of Saturn s coorbiting 
satellites, Icarus 53, 431; Salo, H. and C.F. Yoder (1988). The Dynamics of 
coorbital satellite systems, Astron . Astrophys . , 202, 309-327. 
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PROPOSAL SUMMARY 


James R. Zimbelman 
CEPS, National Air and Space Mu setlffl 


Sm j thsonian Institution. Hash.. U.L": 20 36 0' 

~T20J) 757=Ttt 


PRINCIPAL INVESTIGATOR: 

(Name, Address, 

Telephone Number) 

Co- INVESTIGATORS : 

(Name Only) 

PROPOSAL TITLE: Modification Processes and Extent of Bedrock Exposure 

m the Cratered Highlands Of ,'iars 1 

par ? 9raphs 

the overall objectives and justification JU ?££*£ s t a tement of 
statement of the accomplishments of the prior year* or " n brief 
proposal;*' c. brief listing of what will^ fi- new 

Dublicat^° W ‘ nd , Why; a " d d “ne or t^o'ofhyourr.c^t ye "’ “ 

p lications relevant to the proposed work.) 

dM «d»tlnn e iS f Ide "! ify the areal abundance and state of 
crSe^rt h? discreet surface units within the martian 

a< ? highlands; 2) Establish constraints on the Dhvsical 

high e resolutio^ h d a ta gh i an< ^ ma * erials through a synthesis of 
nign resolution data at visual, thermal infrared and 

within n ?nH S; -V Estimate the relative exposure of bedrock 
ind ^Y^ < ? ual . uni ts based upon the visible history of 

sur^cl materials^ 0 " “ d the physical Properties of tL 
b) New proposal . 

15°s rO 3 30 O d to C> T , finOM? Sinus Meridiani study area (15°N to 
using high resolution <O0 

SSH P ‘°«— ^i*™^ 

d) Referen« a " tl 7L,hi?“-5 el i e £ to aid Photogranunetric study. 

re ? f o MarS ' J - Geooh us. Res. 87 . 10181-10189 

?“erO?««^'o£ 198 T Spa ‘ ial resolution and the geologic 
erpretation of martian morphology: Implications for* ^ 
subsurface volatiles, Icarus 71 . 2 I 7 - 267 . 


158 




PROPOSAL SUMMARY 


PRINCIPAL INVESTIGATOR: (Name, Address, Telephone Number) 

Dr.Stanley H. Zisk 
Planetary Geosciences Division, 
Hawaii Institute of Geophysics 
2525 Correa Rd. 

Honolulu, HI 96822 
(808) 948-6488 


CO-INVESTIGATORS: 

(Name Only) — 

PROPOSAL TITLE: 

Lunar Geologic History from High-resolution Earth-based Radar Images 

ABSTRACT: List: a. brief statement of the overall objectives and justification of the 
work; b. brief statement of the accomplishments of the prior year, or new proposal, 
c. brief listing of what will be done this year, as well as how and why; and d. one or 
two of your recent publications relevant to the proposed work.) 
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the possible existence of trapped volatiles; to analyze hi-res radar images for other 
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Thompson, 'Radar Determination of Mars Surface Properties', in 'Mars', (U of Ariz. 
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Meteor Crater Ejecta Blanket', LPSC XX; Campbell, Zisk, and Mouginis-Mark, 
'Interpreting Lava Surface Textures...', submitted 
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